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7 "O HYDROLOGY

7 "L Groundwater Hydrology

7"1"0  Scope.  Sec t ion  T .L  p resents  d iscuss ion  o f  g roundwater  eond i t ions

within and adjacent to the permit area, which consists of lease areas SL 062648

and U 054752 (Figure 7-1).  Conclusions drawn herein are based upon a detai led

seep and spring survey of the area, liurited exploratory drill ing, and the results

of groundwater investigations conducted by others in the regi-on of the mine.

7.1"1 Methodology. Seep and spring surveys were conducted on June 6 and

7 ,  1985 and October 14 and 15, 1985 within an area that extended approximately

one mile north, west, and south of che boundaries of the pernit area. The study

area for the survey was bounded by Huntington Creek on the east, Blind Canyon

on the north, and the ridge between Crandall Canyon and Little Bear Canyon on

the south. The western extent of the seep and spring survey extended one mile

west of the western boundary of the exist ing perni t ted area (see Figute 7 - l  for

study area boundary).

An aerial reconnaissance of the survey area was initially conducted to

provide an indicat ion of spr ing locat ions and sice accessibi l icy.  The area was

then traversed on foot to al low springs and seepage points to be precisely

located, examined, and sampled.

Geologic condit ions at aI1 seeps and springs \^rere noted in the f  ie ld,

including l i thologic and scructural  controls and the geologic formation from

which the seepage issued. Signs of usage were also noted. The f low raEe was

visual ly est imated and ( i f  suff ic ient water was present) a sample of the water

was collected. The ternperature of the vrater issuing from the spring was measured

at the site. A11 samples were subsequently analyzed Ln the field for pH and

specif ic conductance.

7 -L
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Regional groundwater conditions were determined from a review of available

literature. Where appropriate, conclusions drawn from investigations elsewhere

in the region were used to determine approximate local condilions.

7.1"2 Exlst lng Groundwater Resources.

7 "L.2.L Regional Growrdwater Hydrology. Five formations outcrop

in the vic ini ty of lease areas SL 062648 and U 054762 (Figure 7-1).  According

to Doelling (L972), the Masuk Shale Member of rhe Mancos Shale (Itu on Figure 7-1)

is a light gray to blue-gray marine sandy shale in the mine vicinity. This unit

is exposed at the mouth of Crandall Canyon and in adjacent areas along Huntington

Creek" The Masuk Shale Member yields vrater locally to seeps and springs bur does

not serve as a regional ly important aquifer (Danielson et al .  ,  1981) .

The Star PoinE Sandstone (Ksp) is predoninant ly a l ight-gray massive

sandstone with minor interbedded layers of shale and si l tstone near i ts base
(Doel l ing, L972) "  In the vic ini ty of the mine, the Star Point Sandstone is 350

to 450 feet thick" The Star Point serves as an important regional aquifer
(Dan ie lson eE a l . ,  1981) ,  y ie ld ing  water  to  severa l  m inor  and some major  spr ings

where fractured and jointed.

The Blackhawk Formation (Kb) is the principal coal-bearing unir in the

region (Doel l ing, L972).  This formation consists of interbedded layers of
sandstone, si l tstone, shale, and coal,  and reaches a thickness of about 1000 feet

in the mine area. The principal coal seam (the Hiawatha seam) is presenc near

the base of the formation. The formation yields water to springs and coal mines

when fractured. I^Ihere i t  is local ly interbedded with the Star Point Sandstone,

the lower port ion of the Blackhawk Formation is considered an aquifer (Danielson

e t  a l .  ,  1 9 8 1 )  .

The Price River Formation overlies uhe Blackhawk Formation and consists

of che basal tan to brown cl i f f - forming Cast legate Sandstone (Ke) and the slope-
forur ing Upper Price River Member (Kpr).  Fluvial  sandstones of the Cast legate

are massive and rnedium- to coarse-grained. In the area of the mine, the
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Castlegate is approxiurately 200 feet thick. The Cast legate yields water local ly

to seePs and springs but does not serve as an important regional aquifer because

it is commonly drained within short distances from its recharge area due to

deep ly  inc ised canyons (Dan ie lson e t  a l . ,  1981) .

The Upper Price River Mernber (Kpr) consists predominantly of friable

calcareous sandstone interbedded with pebbly conglomerates and shales. It forms

steep receding slopes and reaches a maximum thickness of about 600 feet in the

mine area (Doel l ing, L972).  This formation yields water local ly to seeps and

spr ings  (Dan ie lson e t  a l . ,  l -981) .  However ,  l i ke  the  Cast legate  Sandstone,  deep ly

incised canyons in the area prevent the Upper Price River Member from being an

important regional aquifer.

The upperrnost formation that outcrops within the area adjacent to the mine

area is the North Horn Formation (Tkn).  This formation consists of interbedded

l imestones, sandstones, and shales (Doel l ing, L972).  Due to high topographic

presence but limited aerial extent near the mine area, the North Horn Formation

in the vicinity of the perrnitted and proposed lease areas serves prirnarily as

a recharge unit to underlying formations rather than as an important source of

water  i t se l f .

Inves t iga t ions  by  Dan ie lson e t  a1 .  (L9Sl - )  ind ica ted  tha t  most ,  i f  no t  a l l ,

groundwater in the region is derived from snow melt. Recharge tends to be

limited in areas underlain by the Price River Fornation and older rocks (relative

to recharge in areas underlain by younger rocks) due to slope steepness and

relative irnperviousness (both of which promote runoff rather than infiltration

of  snow mel t ) .

4
Detai led potent iometr ie surface data are not avai lable for the region T

surrounding the pernit area. However, the deeply incised canyons interrupt the

f low of groundwater in much of the area. Danielson et al .  (198f) suggest rhat

groundwater generally noves fron high areas of recharge to low areas of drainage,

pr incipal ly along stream channels.  This f low pattern is al tered local ly where

geologic structure plays a dominant role.
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The predominant chemical constituents in most springs in the region are

ca lc lum and b icarbonate  (Dan ie lson e t  a l . ,  198L) .  D isso lved so l ids

concentrations generally range from about 50 to 750 nill igrams per liter.

Regionally, the concentrations of najor dissolved constituents in water from

individual geologic units is highly variable, due to rhe complex lithologic

nature  o f  the  area  (Dan ie lson e t  a ]_ . ,  1981) .

7.L.2"2 Mlne Plan Area Aqulfers.  Results of the seep and spring

inventories conducted in the study area vrere subrnitted previously to DOGM

(EarthFax Engineering, 1985a, 1985b).  Locat ions of the seeps and springs

discovered during the inventories are shown in Figures 7 -2 and 7 -3. Data

col lected during the inventor ies are included in Tables 7-L and 7-2.

Over 50 Percent (43 ouc of 80) of the seeps and spring discovered during

the June 1985 inventory issued fron the Blackhawk Formation. However, flow rates

at these points were normal ly mininal ( less than one gal lon per minute),  with

seepage issuing predominantly at the interface between sandstone lenses above

and less permeable shale layers below. By the tine of the October 1985 survey,

27 of these seeps and springs had dr ied up (cornpare Figures 7-2 and 7-3, Tables

7-l  and 7'2).  Usage at these points of seepage is minimal,  due to the low f low

rate and often inaccessibi l i ty of  the seeps.

The low seePage rates measured in most of the seeps and springs issuing

from the Blackhawk Formation are due to the low hydraulic conductivity of the

formation in i ts unfractured state. Laboratory permeabi l i ty data provided by

Lines (1985) from a core sample col lected in Sect ion 27, TL7S, R5E (approximately

10 miles south of the exist ing permicted area) indicate that sandstone units

within the Blackhawk Formation have an average horizontal hydraulic conductivity

of 1.3x10-2 feet Per day and an average veruical  hydraul ic conduct iwity of

3.8x10-3 feet per day. Tested samples of shales and si l tstones within the Black-

hawk Formation have maximum horizontal and vertical hydraulic conductivities of

1 .0x10-7  and l - .2x lo -6  fee t  per  day ,  respec t ivery  (L ines ,  r9s5) .
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Tab le  7 -L .  Resu l t s  o f  June  L9B5  seep  and  sp r i nE  su rvey "

F i e l d
Number

F low
(qpm)

pH
(  Un i t s  )

S p e c i f i c
g o n 6 .  ( a )

G e o l o g yTemp
(oc  )

Use

\t
I

@

SP-1-

S P -  2

S P - 3

S P - 4

S P - 5

S P - 6

S P -  7

S P -  B

S P - 9

sP- l_0

( b )

(b )

B .L2

7 .86

(b )

7  . 67

8 .36

7  . 95

(b )

7  . 90

(b )

(b )

730

660

(b )

590

440

280

(b )

220

(b )

(b )

t - 7 .0

t_0 .0

(b )

4 .5

10 .0

3 .5

(b )

1 -0 .0

F rom base  o f  S ta rpo in t  SS  ove r
Masuk  Sh .  Member  o f  Mancos  Sh"

F rom base  o f  S ta rpo in t  SS  ove r
Masuk  Sh .  Member  o f  Mancos  Sh .

F rom sands tone  bedd ing  p lane
in  S ta rpo in t  SS

From co l l uv ium a t  head  o f
Iands l i de  i n  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  S ta rpo in t  SS

From sands tone  bedd ing  p lane
in  B lackhawk  Fm.

From snow patch at  top of
Cas t l ega te  SS

From snow patch at  top of
Cas t l ega te  SS

From sands tone / sha1e  i n te r f ace
Cas t l ega te  SS /B lackhawk  Fm.

From snow patch at  base of
Cas t l ega te  SS

None

None

None

Deer  and  e1k

None

Deer  and  e l k

Deer  and  e l k

Dee r  and  e l k

None

Deer  and  e l k

l 0

20

0

40



T a b I e  7 - 1 " . (Con t inued)  .

b ' i e  1 d
Number

F low
(gpm)

pH
(Un i t s  )

Spec i  f i c
cbna.  (a)

Temp
(oc)

G e o l o g y Use

sP-1- l -

sP- 1- 2

sP-l-  3

4 -v SP- l -  4

sP- 1- 5

SP-1  6

sP- 1- 7

. ^ -x .  SP-1_B

.a SP- l- 9

S P . 2  O

l -5

25

(b )

7  . 66

B.s7

B. l - 0

(b )

8 "34

7 .7L

7  . 42

7  . 60

(b )

( b )

250

100

150

(b )

560

460

500

620

(b )

( b )

3"0

7 .0

5"5

( b )

r -4 .5

1-0 .0

7 .0

6 .5

(b )

F rom co l l uv ium ove r  sands tone
o f  Cas t l ega te  SS

From base  o f  sands tone  (P r i ce
R ive r  Fm.  )  i n  channe l  bo t tom

From sands tone  a t  head  o f  s l i de
in  P r i ce  R ive r  Fm.

F rom f rac tu red  sands tone  and
so i l  i n  P r i ce  R i ve r  Fm.

F rom co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From sands tone  a t  head  o f  s l i de
in  B lackhawk  Fm.

F rom sands tone / sha le  i n t e r f ace
in  B lackhawk  Fm.

From sands tone  bedd ing  p i -ane
in  S ta r  Po in t  SS

From sands tone  a t  head  o f  s l i de
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

None

Deer  and  e l k

Deer  and  e l k

Deer  and  e1k

None

Deer

Deer  and  e l k

Deer  and  e l k

None

None

{
I

(o

l 0



Tab le  7 -L . (Con t i nued ) .

F i e l d
N u m b e r

F  l o w
( g p m )

pH
(  Un i t s  )

S p e c  i  f  i c
g o n 6 .  ( a )

Temp
(oc  )

G e o l o g y Use

{
I
ts
o

+  sP-2 l_

sP-22

SP-2  3

sP-24

SP-2  5

SP-2  6

SP-2  7

SP-2  8

SP-2  9

SP-3  O

<t

8 .53

8 .05

8 .02

7  . 35

6 .  B0

(b )

(b )

(b )

(b )

B .  l - 0

820

230

550

790

820

(b )

(b )

(b )

(b )

l _060

13.  s

3 .5

6 .0

6 .0

10 .0

(b )

(b )

(b )

(b )

r -6 .5

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

From f rac tu red  sands tone  ove r
sha le  i n  B lackhawk  Fm.

From sands tone /sha le  i n te r face
in  B lackhawk  Fm.

F rom sands tone / sha1e  i n te r f ace
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

From road  cu t ,  sands tone  bed -
d ing  p lane  i n  S ta r  Po in t  SS

From co l l uv ium ove r  sands tone
in  S ta r  Po in t  SS

Deer

None

None

Deer  and  e l k

None

None

None0

<<l-

0

1_

From road  cu t ,  sands tone  bed -  None
d ing  p lane  i n  S ta r  Po in t  SS

From road  cu t ,  sands tone  bed -  None
d ing  p l ane  i n  S ta r  Po in t  SS

From sands tone /sha1e  in te r face  None
in  B lackhawk  Fm.



Tab le  7 -L . (  Con t inued  )

F i e l d
Number

F Iow
(gpm)

pH
(  U n i t s  )

Spec i f i c
gon6 .  ( a )

Temp
(oc )

Geo logy Use

{
H
H

SP-3  1

SP-3  2

SP-3  3

SP-3  4

SP-3  5

SP-3  6

SP-3  7

SP-3  B

SP-3  9

SP-40

0

<<l_

0

0

2

0

<l_

0

0

( b )

( b )

( b )

( b )

( b )

8 . 3 9

( b )

8 . 2 2

( b )

( b )

( b )

( b )

( b )

( b )

( b )

8 9 0

( b )

t r_80

( b )

( b )

( b )

( b )

( b )

( b )

( b )

r_6.0

( b )

9 . 0

( b )

( b )

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm"

From co l l uv ium ove r  sands tone
in  B l .ackhawk  Fm.

From a l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

F rom sands tone / sha le  i n t e r f ace
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  B lackhawk  Fm.

F rom sands tone / sha le  i n t e r f ace
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  B lackhawk  Fm.

None

None

None

None

None

Deer  and  e l k

None

Deer  and  e l k

None

None



T a b l e  7 - L . (Con t inued)  "

F i e l d
Number

F low
(qpm)

pH
(  Un i t s  )

Spec i f i c
gon6 .  ( a )

Geo logyTemp
(oc )

Use

{
I

H
N

sP-4 l -

SP-42

SP-4  3

SP-4  4

SP .4  5

SP-4  6

SP .4  7

SP-4  B

SP-49

SP-50

<<1

<<t_

0

0

0

0

0

0

0

0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

(b )

(b )

(b )

(b )

( b )

From co l l uv i -um ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm"

From co lLuv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  road  cu t  i n  BLackhawk  Fm"

F rom sands tone / sha le  i n t e r f ace
in  s lump in  B lackhawk  Fm.

None

Deer  and  e l k

None

None

None

None

None

None

None

None



T a b l e  7 - I . (Con t inued)  "

F  i e 1 d
Number

F 1ow
(gpm)

pH
(  U n i t s  )

S p e c i f i c
cbna.  (a)

Temp
(oc  )

G e o l o g y Use

{
I

ts(,

SP-5  1

sP-5  2

SP-5  3

SP-54

SP-5  5

SP-5  6

SP-5  7

SP-58

SP-59

SP-60

15

r0

t_5

( b )

7  . 99

7  "3L

7  "35

7  . 36

7  . 6L

7 .35

7  . 40

7  . 43

(b )

(b )

600

490

500

480

490

480

500

690

(b )

( b )

L2  . 0

5 .5

5 .5

5 .5

5 .5

5 .5

5 .0

7 .0

(b )

F rom sands tone /sha1e  in te r face  None
in  s lump in  B lackhawk  Fm"

From co l l uv ium ove r  sands tone  Deer
in  B lackhawk  Fm. ,  w /  t rave r t i ne

From f rac tu red  sands tone  w i th  Deer
t rave r t i ne  i n  B lackhawk  Fm"

From f rac tu red  sands tone  w i th  Deer
t rave r t i ne  i n  B lackhawk  Fm"

From f rac tu red  sands tone  w i th  Deer
t rave r t i ne  i n  B lackhawk  Fm"

From f rac tu red  sands tone  w i th  Deer
t raver t ine in  Blackhawk Fm.

From f rac tu red  sands tone  w i th  Deer
t rave r t i ne  i n  B lackhawk  Fm.

From f rac tu red  sands tone  i n  Deer
B lackhawk  Fm.

From co l  l uv ium ove r  sands tone
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

1-0

Deer

None



T a b l e  7 - L . (Con t inued)  .

F i e l d
Number

F  l ow
(qpm)

pH
(  Un i t s  )

Spec i f i c
Cona .  ( a )

Temp
(oc  )

G e o l o g y Use

sP-  6 l_

SP-6  2

SP-6  3

SP-64

.  sP -65

SP-6  6

SP-67

SP-68

SP-69

}  SP-70

15

0

7  " 3 6

( b )

( b )

7 .33

7  "43

( b )

( b )

( b )

( b )

7 . L 7

450

tb )

( b )

4 4 0

4 3 0

( b )

( b )

( b )

( b )

5 5 0

2.4

(b )

( b )

3.0

5 .0

(b )

(b )

( b )

( b )

3.5

From f rac tu red  sands tone  i n
Pr i ce  R ive r  Fm.

F rom sands tone / sha le
in  P r i ce  R ive r  Fm.

F rom sands tone / sha Ie
i n  P r i ce  R i ve r  Fm.

in te r face  None

in te r face  None

Deer  and  e l k

Deer

Deer  and  e l k

None

None

None

None

Deer

1_0 From f rac tu red  sands tone  i n
Pr i ce  R ive r  Fm.

F rom co l l uv ium ove r  sands tone
in  P r i ce  R ive r  Fm.

F rom sands tone /sha Ie  i n te r face
in  B lackhawk  Fm"

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From f rac tu red  sands tone  i n
in  P r i ce  R ive r  Fm.

1_5

\.1

H
|tr

l_5



T a b l e  7 - L . (Con t inued)  .

F i e  1 d
Number

F low
(qpm)

pH
(  Un i t s  )

Spec i f i c
Cona .  ( a )

Geo logyTemp
(oc)

Use

{
I

P
(n

sP- 71_

SP.1 2

SP-73

SP-74

SP-75

SP-76

SP-7  7

SP-7  B

SP-79

SP-BO

0

<<1

0

0

0

t

0

0

0

0

( b )

( b )

( b )

( b )

( b )

7  " 4 8

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

9 6 0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

1 0 " 0

( b )

( b )

( b )

( b )

From sands tone  bedd ing  p lane  None
in  Cas t l ega te  SS

From sands tone /sha1e  in te r face  None
in  P r i ce  R ive r  Fm.

F rom sands tone /shaLe  in te r face  None
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face  None
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face  None
in  B lackhawk  Fm"

From sands tone /sha le  i n te r face  Deer
in  B lackhawk  Fm.

From sands tone /sha1e  in te r face  None
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane  None
in  S ta r  Po in t  SS

From sands tone  bedd ing  pLane  None
in  S ta r  Po in t  SS

From sands tone  bedd ing  p lane  None
1n  S ta r  Po in t  SS

(a ) rn  ; rmhos /cm
(b)  lnsu f f i c ien t

a t  25oC
wate r  t o  samp le



Table 7-2. Results of October 1985 seep and spring inventory.

Field
Nunber

Flow
(gpm)

pH
(Uni ts )

Specif ic Tenp
cond.  ( ' )  ( "c )

S P . 1

sP-2

S P -  3

S P - 4

s P -  5

s P -  6

S P -  7

S P -  8

s P -  9

sP-  10

sP-  1 l

S P . 1 2

S P . 1 3

s P -  1 4

S P -  1 5

S P -  1 6

sP-  17

SP.18

sP-  t9

sP-  20

Dry

Dry

Dry

0

Dry

Dry

Dry

Dry

Dry

0

Dry

0

Dry

1

Dry

Dry

Dry

2

1

Dry

( b )

7 . 7 4

8. l s

8  "27

340

( b )

5 .0

3 .0

3 .5

( b )

( b )( b )

( b )

450

s30

( b )

( b )( b )

7  -L6



TabLe 7 -2. (Cont inued)

F ie ld
Number

Flow
(gpn)

pH
(Units)

Specif ic Tenp
cond.  ( " )  (oc)

sP-  21

sP-22

sP-  23

sP-  24

sP-  25

sP-  25

sP -27

S P -  2 8

sP-  29

S P -  3 0

sP-  31

sP-  32

sP-  33

sP-  34

S P -  3 5

sP-  35

sP-  37

sP-  38

sP-39

S P - 4 0

Dry

1

2

Dry

Dry

0

0

Dry

Dry

<1

Dry

Dry

Dry

Dry

Dry

1

Dry

Dry

Dry

Dry

7  "32

8 "08

8 . 1 9

7.8s

11s0

9s0

3 .5

3"s

( b )

( b )

4 . 0

4"0

( b )

( b )

3s0

570

( b )

( b )

7  -L1



Tab le  7 -2 .  (Conr inued) .

F ie ld
Nunber

Flow
(gpn)

pH
(Units)

Specif ic Ternp
cond.  ( ' )  (oc )

sP-41

SP.42

SP.43

sP-44

sP-45

SP.45

sP-47

sP-48

SP-49

SP-  50

SP .51

SP-  52

sP-  53

SP- 54

sP-  55

sP-  55

sP-  57

sP-  58

SP-  59

sP-  50

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

1

5

5

10

15

6

5

1

Dry

8  . 00

7  "95

8  . 07

7 . s9

7  . 90

7  . 56

7  . 70

7  . 86

540

470

500

530

470

470

s00

520

7 .0

5 .0

5 .5

5 .5

6 .5

4 "5

9 .0

5 .0
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Tab le  7 -2 .  (Conr inued) .

Field
Number

Flow
(gpn)

pH
(Units)

Specific Temp
cond.  ( " )  (oc)

sP-  51

sP-  62

sP-  63

SP-  54

sP-  65

sP-  56

sP-  67

sP-  58

sP-  59

sP-  70

sP-  71

5P.72

SP.73

SP-  74

SP .75

sP-  76

sP  -77

sP-  78

SP-  79

sP-  80

1

Dry

Dry

Dry

<1

Dry

Dry

Dry

Dry

0

0

Dry

Dry

Dry

Dry

1

Dry

Dry

Dry

Dry

8 .15

8 " 1 8

8 .35

450

500

8s0

9 .0

3 "5

5 .0

( b )

( b )

( b )

( b )

( b )

( b )

(u) In tunhos/cm at 25oC
(b) Insufficient rrater to sample

7 -L9



The relatively large hydraulic conduccivity of the sandstones of the

Blackhawk Formation compared with the siltstones and shales indicates that the

finer-grained sediments of the formation serve as barriers to the downward

movement of water. In sirnple terms, as lrater recharges the Blackhawk Formation

(ei ther through snow melt ,  rainfal l ,  or subsurface seepage from an adjacent

formation) , it is pernitted to percolate downward within the sandstone beds.

However,  uPon reaching a less-perneable si l tscone or shale layer,  the water is

forced to flow laterally to the surface, issuing at the inEerface between two

units of contrasting hydraulic conductivity.

Notable exceptions to the above generality concerning the Blackhawk

Forrnation are present at a few springs that issue from fractured sandstone within

the formation. Examples of this phenomenon are present in the \^restern portion

of the survey area (SP-53 through SP-58),  where f low rates of up ro 15 gal lons

Per minute were measured during both the June and Oetober inventories.

Traverti.ne deposits are common at these springs, which suggests that the recharge

area for these springs is dominated by limestone (probably the North Horn

Formation on the ridges to the north and west). The Blackhawk Formation

apparently serves more as a conveyance body rather than a significant source of

water to these springs.

Several seeps and springs issue at the site from colluviurn overlying

sandstone of the Blaekhawk Formation and the Castlegate Sandstone. These seeps

nornally are Present in drainage bottoms where shallow subsurface water collects

at toPographic lows. Nearly al l  f lows from seeps of this type were insignif icant

in both June and Oetober,  suggest ing ( together with the topographic posiuion)

that these seeps are interni t tent in nature.

Most seeps and springs issuing within the survey area from the Castlegate

and Star Point Sandstones flow frorn bedding planes within these forrnations.

Flows issuing in this manner were generally low during the June inventory (less

than one gallon per minute) and nonexistent during Ehe Oct.ober inventory. Only

occasional usage of these sources was evident (due to inaccessibi l i ty and low

f l o w  r a t e ) .

7 -20



As noted, flow rates measured during the October survey rrere generally

significantly less than those found during the June survey. In June, a total

of 80 seeps or springs lrere found, 34 of which had sufficient flow to sarnple (the

remaining 46 were seeps that could not be saurpled) " In October, 55 of the

sources or iginal ly discovered were dry. An addit ional 7 sources existed only

as seeps, with only 18 of the'or iginal  sources having suff ic ient f low to sample.

Generally, sources that had a flow of approxinately 5 gallons per minute

or less in June were dry or existed as seeps in October.  Springs rai th higher

flows in June nornally were continuing to flow in October. Notable exceptions

were  sP-7 ,  sP-8 ,  and sP-10.  These "spr ings"  were  f low ing  10 ,  20 ,  and 40  ga l lons

per rninute, respectively, in June but were dry or existed only as a seep in

October.  Data presented in Table 7- l-  indicate that these sources were issuing

from snow patches in June, suggesting that nost (if noc all) of the flow was

coming from snow melt.

As  no ted  in  Sec t ion  7 .L .2"L ,  the  Star  Po in t  Sandstone wh ich  d i rec t l y

underlies the Hiawatha coal seam serves as an aquifer. This formation is

regionally extensive and has been identified as an aquifer from che headwaters

of Huntington Canyon (20 miles north of the nine) through the Cottonwood Creek

watershed (15 mi les south of the mine).  I t  is suspected that the Star Point

Sandstone serves as an aquifer throughout the wasatch prateau.

During the period of March and Apri l  L987, a moniror ing wel l  (MW-l)  was

instal led at the Crandal l  Canyon Mine in the locat ion indicated in Figure 7-4.

This wel l  (which may also serve as a water-supply wel l  for the mine) was dr i l led

using air-rotary rnethods to a total  depth of 375 feet and encountered Star Point

Sandstone through its entire depth. The tithology encountered during drill ing

and the cornplet ion of the wel l  is indicated in Figure 7-5.

The driller indicated that the formation was relat.ively homogenous excepc

in the zone from 290 xo 335 feet,  where the sandstone became coarser.  I t  is f rom

this zone that the wel l  is producing water,  with arater f i rst  being encountered

at a depth of about 315 feec. The stat ic water level approximately one week

7 -2L
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LITHOLOGIC LOG

GREY TO TAN SANDY
SILTSTONE WITH
CLAYSTONE LENSES

COMPLETION LOG

ro"  DRTLLHoLE

65 /8 , ,  D IAMETER STEEL CASING
(To  IOO ' )

67 '
EAT CEMENT GROUT

loo '

GREY TO TAN SANDSTONE
WITH MINOR CLAYSTONE
LENSES

"oPEN DRTLLHoLE

234'

GREY SANDSTONE WITH
SIGNIFICANT CLAYSTONE
INTERBEDDING.

2go'

WHITE TO GREY SANDSTONE
(WATER BEARING FROM
290 ' -  335 '

375 ' (TOTAL DEPTH)

F i g u r e  7 - 5 .  W e l l  c o m p l e t i o n  a n d  l i t h o l o g i c  l o g  f o r  M W - l - -
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after complet ion of the vrel l  was at a depth of 186.1- feet below ground surface,

indicating the presence of a significanc upward pressure component (approximately

130 feet)  within the saturated zone.

After conplet ion of the wel l ,  a slug test was performed on the wel l  to

determine the approximate hydraulic characteristics of the Star Point Sandstone

at the mine site. This test \ras performed by inserting approxirnately 10 feet

of drill stem below the water surface and allowing the water level to stabilize

over a period of 3.75 hours. Al though water level recovery was measured during

this period, the data are not adequate for s lug-test analysis since the dr i l l

stem was Present within the zone of influence of the injection test, thus

displacing addit ional water dur ing the recovery period.

Fol lowing stabi l izat ion of the water level,  the dr i l l  stem was rapidly

removed from below the water level and the resulting recovery to static

condit ions was measured for a period of more than 2 hours. Data col lected from

this test have been provided to the Divis ion in a let ter addressed to Mr. Dave

C1ine from Richard B" \^Ihi te of EarthFax Engineering, Inc. and dated Apri l  30,

L987 " Data col lected for the f i rst  700 seconds of che test are provided in

F igure  7-5  "

The slug test data were analyzed using a method developed by Bouwer and

Rice (L976) "  Aecording to rhis merhod,

K _ r"at*ft^-l#. 
l" ( 7 -1 )

where K : hydraulic eonductiviry (feer per day)
rc :  radius of the casing (feet)
r, : radius of the well

L :  length of the screened sect ion ( feet)
t  :  t ime since test began (seconds)

)o : maximum drawdovrn during test or drawdown immediately following
slug inject ion or withdrawal ( feer)
y" - drawdown at time t (feet)

C - 1
L/t,

ln(R"/r*) : ;fuhJ +

7 -24



a,
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where H - depth from static water Ievel to the base of
the producing zone

C - a dinensionless coefficient as a function of L/r, obtained
frorn Figure 3 of Bower and Rice (L976, p.425)

For the slug test conducted at MW-l,

rc -  Ew - 0.25 f t  (hole radius of 3 inches)
L - 335 -29O - 45 ft (length of the producing zone according to the

dri l ler,  s records)
H - 335-187 - L48 f t  (distance between the star ic warer

level and the base of the producing zone
y o :  2 . 5 0  f r  ( s e e  F i g u r e  7 - 6 )
y t  -  2 " 1 0  f r  a t  r : 4 0 0  s  ( s e e  F i g u r e  7 - 6 )

ln(R"/r"): #h.tt+ ff i 
-r *4.8

By means of equat ion (7-1) and these data, a hydraul ic conduct iv i ty of 0.1

foot per day was calculated. Assuning thac the 45-foot producing zone accounts

for the entire thickness of the aquifer at the location of MW-I, this value

converts to a transmissivi ty of 4.5 square feet per day. This transmissivi ty

is sini lar to those measured by Lines (1985) from punping tests performed in the

Star Point Sandstone near Trail Mountain approximately 10 rniles southwest of

Crandall Canyon.

Specifie information eoncerning the piezometri-c surface in the Star Point

Sandstone in the mine vicinity is not available due to the general lack of we1ls

in the area and the current presence of only one monitoring weLL at the rnine

si te.  However,  gual i tat ive conclusions regarding f low condit ions in the Star

Point Sandstone in the rnine area can be reached from the available data. A plan

to col lect s i te-specif ic data from the Star Point Sandstone is out l ined in

S e c t i o n  7  . L  . 6  "

According to Danielson et al .  (198L),  the f low of groundwater in the region

is general ly from high-elevat ion recharge areas toward major canyons. I f

groundwater in the Star Point Sandstone were flowing south toward Crandall

Canyon, the water table elevation would be higher than the floor of the mine in

areas r,rhere the mine floor is at a lower elevation than the canyon bottom (since

the f loor of the mine rests on top of the Star Point Sandstone).  However,  inf low

7  - 2 6



to the existing mine workings has been from the roof only, even though the floor

of the rnine within the western third of the nine area is below the elevation of

Crandall Creek. In addition, as noted above, the depth to groundwater at the

mouth of the rnine (at MI^I-l) is approximately 185 feet below ground surface.

Thus, it is reasonable to assume that groundwater within the Star Point Sandstone

beneath the mine does not discharge into Crandall Creek.

A l though the  reg iona l  s t ra t ig raph ic  d ip  i s  to  thewest  (see  Sect ion  6 .4 .2 ) ,

groundwater in the Starpoint Sandstone beneath the mine is assumed to flow

eastward from East Mountain to HuntintEon Canyon rather than westward to Upper

Joes Val ley. This conclusion is reaehed based on the fol lowing factors:

o The Starpoinc Sandstone outcrops in Huntington Canyon and not in Upper

Joes Val ley. Thus, a natural  discharge point is created in Hunt ington

Canyon.

Huntington Canyon is approxinately 800 feet lower in elevation than

Little Joes valley, further enhancing groundwater drainage to the

canyon.

The strat igraphic dip of the starpoinr sandsrone is low (1-3 degrees).

Thus, the influence of the dip on groundwater flow can be expected

to be minimal.

Hence, the direction of groundwater flow within the Starpoint Sandstone

beneath the mine is considered to be predominantlv eastward.

In the area of Trail Mountai-n (located approximacely l0 niles southwest

of Crandall Canyon) the hydraulic gradient of groundwater in the Star point

Sandstone varies from about 0.1-1 foot per foot in the reeharge area near the

r idge l ine to about 0.03 foot per foot in the discharge area in Straight Canyon
(Lines, 1985).  Due to the sini lar i tyof the geologic condit ions in the two areas
(\ ' Iaddel l  et  al . ,  l98f) ,  s imi lar hydraul ic gradients are expected in the East

Mountain recharge area and Huntington Canyon discharge area, respectively.
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Usage of seeps and springs within the survey area is confined entirely to

deer,  elk,  and other wi ldl i fe.  No signs of use for stock water ing or human

consumption were noted in either the June or October inventory. As would be

expected, wildlife usage of the springs is most abundant where flows are greatest

and the source is most accessible.

Daca contained in Table 7-1 indicate that the specific conductance of water

issuing from springs in June generally increased with increasing stratigraphie

depth. This is in agreement with the f indings of Danielson et al .  (1981).

Springs issuing from the Price River Formati.on typically had a specific

conductance during the June survey that varied from L50 to 450 urnhos /cm at 25
oC while those issuing frorn the Blackhawk Formation and Star Point Sandstone had

a specific conductance varying from 500 to 1000 urnhos/cm at 25 "C. This increase

in specific conductance is indicative of leaching of minerals by the groundwater

as it flows through increasing distances of bedrock to the lower stratigraphic

p o s i t i o n s .

The pH of water issuing from springs in the survey area showed no trends

wi th in  o r  be tween fo rmat ions .  Va lues  var ied  f ro rn  5 .80  to  8 .57 ,  averag ing  7 .74 .

Hence, spr ing l rater in the study area is sl ight ly alkal ine.

In those springs with suff ic ient water to sample, pH general ly increased

sl ight ly between June and October.  Increases normal ly amounted to 0.1 to 0.5

pH unit. Specific eonductance showed no consistent pattern between the June and

October data, with approxirnately as many increases as decreases between June and

October .

l'Iater temperatures vary widely at the site. In general , temperatures are

lowest in springs issuing from fractures and highest in springs issuing from

shallow colluvium over bedrock. Low temperatures generally occurred in springs

with relat ively low specif ic conductances.
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7"1"3 Groundwater Development and Mlne Dewaterlng.

7.1.3.1 Water Supply.  As noted previously,  none of the seeps or

springs inventoried during the June and October 1985 surveys appeared to have

been developed for beneficial use. This lack of development includes springs

issuing from the Star Point Sandstone. In addition, no water wells other than

!IW-l are known to exist within the study area of the spring inventory. Hence,

groundwater development has not occurred in the past \rithin the mine plan or

adjacent areas other than the dr i t l ing of MW-l- .

Table 7-3 presents a listing of groundwater rights within the permit and

adjacent areas as obtained from the f i les of the Utah Divis ion of Water Rights

in Septerrber 1987. More indepth information concerning these r ights is contained

in Appendix 7-1. Locat ions of these r ights are noted on Figure 7-7.

Although the U.S. Forest Service has obtained r ights co certain spr ings

in the area for stock water ing (see Table 7-3 and Figure 7-7),  these springs did

not show signs of currenc usage for stock watering during the inventory.

Additionally, although the Star Point Sandstone serves as an aquifer in the

region, groundwater is not obtained therefrorn within the rnine plan or adjacenu

areas .

The spring associated with \.rater right 93-1407 vras not discovered during

the seep and spring inventory. Al though ic is possible that some seeps were

missed during the inventory (due to heawy undergrowth and/or inaccessibiliry),

the  po ten t ia l  fo r  miss ing  amajor  spr ing  is  remote .  Hence,  th is  source  is  1 ike1y

s imi la r  to  93-1408 (Sp-47) ,  wh ich  ex is red  on ly  as  a  seep.

7.L.3"2 Mine Dewater lng. Inf low to the exist ing underground

workings amounts Eo approxinately 100 gallons per minute. These inflows

originate prirnarily in gob sections near the working face of the mine.

Currently, rdater encountered in the mine is used underground in the mining

process. A modif icat ion of the NPDES permit  for the sedimentat ion pond has been

obtained to cover discharges from the mine if amounts encountered therein exceed
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Tab le  7 -3 "  Groundwate r  r i gh ts  i n  t he  m ine  p lan  and  ad jacen t  a reas "

w. u.
C l a i m
N o . Owner

F low
(c f s ) Use P e r i o d  o f  U s e Source

93 -L407

9  3 - l - 40  B

93 -L409

U.S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

Serv i ce

Serv i ce

Serv i -ce

Stockwater

Stockwater

Stockwater

June 6

June 6

June 6

Aug  25

Aug  25

Aug  25

Spr ing

Spr ing

Spr ing

.  011_

.011 -

.0 l t _

to

to

to

\|
I(,

H
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the requirements for under ground use. Although this potential discharge will

be covered by the same perrnit, the underground water will not be discharged

through the pond, but wirl be discharged at the same outfall.

7.L,4 Effects Of Mlning OperatLon On Growrdwater.  The pr inary potenrial

for inpacts to the groundwater system will occur as a result of subsidence. To

estimate the effects of subsidence on the seeps and springs found during the

f ield inventory, a posit ive l imit  angle of 60o fron horizontal  was assumed. This

l imit  angle is considered conservat ive for est iurat ing pocent ial  subsidence

impacts since Dunrud (L916) found posicive limit angles thar varied from 59o in

weak overburden to 75o or more in moderately strong overburden in geologically

sirnilar areas in the Book Cliffs mining district, Utah and the Sommerset mining

d is t r i c t ,  Co lo rado.

Mine plans for lease area SL 062648 indicate that 50 percent extract ion

will occur throughout the mine, with the exception of barrier pillars at the

lease boundaries. The barr ier pi l lar at  the south lease boundary has been

designed to be sufficiently wide to reduce the chance of subsidence along

Crandal l  Creek, thus l imit ing subsidence in areas north of the creek (see Chapter

12) .

Mine plans for lease tract U 054762 indicate that 50 percent extraction

wi l l  occur throughout the mine, with the except ion of barr ier pi l lars at the

lease boundaries and coal outcrop barriers near the northeast and southeast

corners of the lease area (see Figure 7-8).  The barr ier pi l lars at the east and

south lease boundaries have been designed to be sufficiently rvide to reduce the

chance of subsidence along Huntington and Crandall Creeks. CoaI outcrop

protect ion barr iers at the northeast and southeast corners of lease area U 054762

are designed to Protect escarpments in Huntington and Crandall Canyons,

respect ively,  al though minor amounts of subsidence may occur (see Chapter 12).

Using a posit ive l imit  angle of 50o, the maximum area of potent ial

subsidence was determined as shown in Figure 7-8. As noted by this f igure, 19

seePs and springs rtere found during the June field inventory in the area of
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Potent ial  subsidence. A comparison with Table 7-L indicates that,  with the

exeept ion of SP-45 and SP-47, al l  of  these potent ial ly i rnpacted spr ings issue

from the Blackhawk Formation. The two excepti.ons issue as seeps frorn bedding

planes in the Castlegate Sandstone.

By the t i rne of the October survey, only two springs (SP-30 and SP-35) were

found within the area of pocential subsidenee. Al1 other seeps and springs

discovered during the June inventory in the area of potential subsidence were

dry during the October survey due to natural seasonal variations in flow.

The maximum flow encountered during the June survey within the area of

Potential subsidence was one gallon per minute at SP-30 and two gallons per

minute at SP-36. Flow at SP-30 occurs as di f fuse seepage above the mine portals

and is collected in a pipe and routed around the portals to prevent problems at

the portal  face. There were no signs of usage of this spr ing during the June

inventory. Flow at SP-35 issues from a sandstone-shale contact within the

Braekhawk Formation and showed evidence of use by elk and deer.

Deer and elk tracks and droppings were noted in the vicinity of SP-38 and

SP-42. Other than uhese tqto seeps, no other signs of usage arere seen during the

June survey within the area of potential subsidence

Based on this information, subsidence from mining in both lease areas wi l l

have mininal impacts on water supplies from seeps and springs in the vicinity

of the mine.

Inf lows to the mine are insuff ic ienE to require dewater ing (see Sect ion

7.L .3 .2 ) .  Hence,  impacts  due to  dewater ing  a te  nonex is ten t .

The water supply for use in the mine is obtained from Crandall Creek.

Hence, other than the groundwater encountered within the rnine, no groundwater

is ut i l ized at the mine for domest ic or industr ial  purposes.
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7.1.5 Ult igat lon and ControL Plans. Based on the information presented

in Sect ion 7.L.4, subsidence frorn nining in the Genwal lease area wi l l  have

minirnal impacts on groundwater resources in the vicinity of the mine. Flow rates

measured during the June inventory within the area of poEential subsidence were

mininal, even though the field investigation was conducted shortly after the

snow-melt period. Prior to the October survey, all but two sources had dried

uP. Although it is difficult to determine long-term usage of the springs in the

area from one seeP and spring i.nventory, these lrater sources are of critical

value to local wildlife. However the low flow rates encountered at the springs

wiuhin the area of potential subsidence suggests that these springs produce a

minor quant i ty of water to the local wi ldl i fe.  I f  future moniror ing efforts

indicate that the mine is i rnpact ing local spr ings, a mit igat ion plan specif ic

to the impact will be developed in consultation with DOGM.

As noted in Sect ion 7.1.3, insuff ic ient inf lows ate encountered in the

existing underground workings to require mine dewatering. If amounts requiring

discharge are encountered in the future, a specif ic plan wi l l  be developed in

consultation with DOGM co rnitigate the inpacts of dewatering on the groundwater

syscem.

Should it be necessary to develop alternative water supplies due to

unexpected contamination, diminution, or interruption of significant local

spr ings as a direct result  of  mining act iv i t ies, the appl icant wi l l  contact the

Division of Wildl i fe Resources and develop plans to instalL a guzzler on a case-

specif ic basis.  Genwal owns shares in the Hunt ington-Cleveland Irr igat ion

Company, that can be transferred if required to rneet the demands of an alternaEe

water supply.

7 .L .6  Groundwater  } lon l to r ing  P lan .  As  no ted  in  Sec t ion  7 .L .4 ,  on ly  four

springs were found during the June 1985 seep and spring survey within the area

of potential subsidenee r^iith flo\.r rates of one to triro gallons per minute (SP-

16,  sP-17,  sP-30,  sP-36) .  By  the  t ime o f  the  oc tober  survey ,  a l r  seeps  and

springs with che area of potent ial  subsidence except SP-30 and SP-36 had dr ied

up (compare  F igures  7-2 ,  7 -3 ,  and 7-8) .  SP-30 occurs  as  d i f fuse  seepage f rom
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the Blackhawk Formation above the mine portals and is collected in a pipe to

avoid problems at the portal  face. Flow at SP-36 issues from a sandstone-sha1e

contact within the Blackhawk Fornation and showed evidence of use by elk and

deer. A11 najor springs (flows of at least five gallons per minute) found during

the June l-985 survey nere located outside of the area of potential subsidence.

Groundwater monitoring for the Crandall Canyon Mine area will include

col lect ion of water qual i ty and quant i ty data from six spr ings as wel l  as points

of significant inflow to the underground workings. Location of the springs to

be included in the groundwater monitoring progran are shown on Figure 7-2.

SP-30 and SP-36 wi l l  be nonitored to determine potent ial  impacts in the

inmediate vic ini ty of the mine. SP-30 was chosen because i t  is the only spr ing

\^tithin the area of potential subsidence within lease area SL 062548 that had a

flow rate of at least one gallon per minute during the June 1985 inventory.

SP-35 was chosen because i t  issues within the area of potenl ial  subsidenee within

lease area U 054762 and because it had a flow rate during the June 1985 inventory

that was of sufficient magnitude (two gallons per minute) to suggesc some

permanence.

SP-58 wi l l  be monitored as an indicator of long-Eerm changes in groundwater

issuing from the Blackhawk Formation in an area Ehat will not be affected by

mining operations. The magnitude of these changes will be useful when

interpret ing changes at Sp-30 and Sp-35.

SP-47 wi l l  be moniEored since a water r ight has been f i led on this spr ing

b y  t h e  U . S .  F o r e s t  S e r v i c e  ( s e e  S e c t i o n  7 . 1 . 3 . 1 ) .  S p r i n g s  S P - 1 9  a n d  S P - 2 2 w L L l

be monitored as indications of the water supply in the upper reaches of Blind

Canyon.

Four samples wi l l  be col lected from each of the monitored spr ings annual ly.

With trhe except ion of SP-30, each spring wi l l  be monitored at uronthly incremenrs

during the accessible port ion of the year (general ly June through September).

These samples wi l l  be col lected as close as possible to the point of  issuance
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Samples collected during the low-flow period of the year (norrnally the fourth

quarter) will be analyzed according to the list of paraneters contained in Table

7-5 (as requested in guidel ines from DOGM) in the years 1990, L995,2000, and at

5-year intervals thereafter until the surety bond is released.

Since SP-30 is collected in a pipe to bypass the portal area, lts discharge

point is accessible year-round. Hence, this spring wiLl be monitored and

analyzed according the Table 7-4 aX the point of pipe discharge quarterly until

the surface areas have been recLaimed. Following reclamation, SP-30 wilL be

monitored and sanpled according to Table 7-4 semiannually until- the surety bond

is released. The sample collected during the low-flow period (nornally the

fourth quarter) will be analyzed according to Table 7-5 in the years 1990, L995,

2000, and at S-year intervals thereafter until the surety bond is released.

A11 sanples will be preserved as soon as practicable after collection.

Preservatives to be used will be in accordance with the most recent U.S.

Environmental Protection Agency guidelines. Sanples not preserved with a

chemical fixative will be placed on ice in an ice chest as soon as possible after

co l lec t ion .

On a quarterly basis an inventory wiLl be conducted of the active portion

of the mine to identify the location and geologic occurrence of mine inflows that

exceed three gallons per minute. In consultation with DOGM, certain of these

inflows (if they occur) will be selected for continued moni-toring. Currently,

only one such inflow exists, flowing from the roof of the mine from an

exploratory hole (DH-l) that was vertically drilled from within the permit area

at the location shown on Plate 3-2 (listed as "DRILL HOLE"). This hole is capped

and is allowed to flow only when needed to collect water-quality data.

After selection of the inflow points to be monitored, data will be

collected on a quarterly basis and analyzed according to Table 7-4. Sanples

collected during the low-flow period (nornally the fourth quarter) wiLl be

analyzed according to Table 7-5 in the years l -990, 1995, 2000, and at S-year

intervals thereafter. Monitoring and sarnpling of the selected nine inflow points

will continue according to this schedule in safely accessible portions of the mine
. .-.-.**;.-__,\
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of the sPrings. Samples wi l l  be analyzed according to the l ist  of  parameters

in  Tab le  7 -4 .  Every  f i f th  year  (1990,  L995,  e tc . ) ,samples  co l lec ted  dur ing  che

low-f low period of the year ( the f inal  sample of the year) wi l l  be analyzed

according to the l ist  of  parameters contained in Table 7 -5 (as reguested in

guidelines from DOGl,l) .

S ince  SP-30 is  co l lec ted  in

point is accessible year-round.

point of  pipe discharge quarter ly

and analyzed according to Table

col lected during the low-f low

accord ing  to  Tab le  7 -5 .

a pipe to bypass the portal  area, i ts discharge

Hence, this spr ing wi l l  be monitored at the

(nornally in January, April, July, and October)

7-4. Every f i f th year thereafter,  the sample

period (normally October) will be analyzed

Al l  samples wi l l  be preserved as soon as pract icable after col lect ion.

Preservat ives to be used wi l l  be in accordance with the mosc recent U.S.

Environmental Prouection Agency guidelines. Samples not preserved with a

chemical f ixat ive wi l l 'be placed on ice in an ice chest as soon as possible after

co l lec t ion .

On a quarter ly basis (normal ly in January, Apri l ,  July,  and October),  an

inventory will be conducted of the active portion of the mine to identify the

location and geologic occurrence of mine inflows that exceed three gallons per

minute. In consultat ion with DOGM, certain of these inf lows ( i f  they occur) wi l l

After select ion of the inf low points to be monitored, data wi l l  be

eol lected on a quarter ly basis and analyzed according to Table 7-4. Every f i f rh

year,  samples col lected during the low-f low period (normal ly October) wi l l  be

analyzed according co Table 7-5.
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Table 7-4" Abbreviated groundwater analysis I ist .

Field Measurements:

Water level or flort
pH
Specific conductance (unhos/cur)
Temperature (oC)

Laboratory Measurements :

Total  dissolved sol ids
Total  hardness (as CaCO3)
Bicarbonate (as HCO3)
Carbonate (as CO3)
Calciurn (as Ca)
Chlor ide (as Cl)

Dissolved iron (as Fe)
Magnesium (as I'1g)
Manganese (as Mn)
Potassium (as K)
Sodiurn (as Na)
Sulfate (as S0o)
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Table 7-5. Extended groundwater analysis l ist"

Field Measurements:

Water level or flow
pH
Specific conductance (uurhos/cm)
Temperature (oC)

Laboratory Measurements :

Total  dissolved sol ids
Total  hardness (as CaC0r)
Aluminr.un (as A1)
Arsenic (as As)
Bariun (as Ba)

Bicarbonate (as HCO3)
Boron (as  B)
Carbonate (as CO3)
Cadniun (as Cd)
Calcium (as Ca)

Ch lor ide  (as  C1)
Chrorniurn (as Cr)
Copper (as Cu)
Fluoride (as F)
Dissolved iron (as F)

Lead (as Pb)
Magnesium (as l{g)
Manganese (as Mn)
Mercury (as Hg)
Molybdenurn (as Mo)

Nicke l  (as  N i )
Nitrogen-Ammonia (as NHr)
Nitr i te (as NO2)
Nitrate (as NO3)
Potassium (as K)

Phosphate (as POo)
Seleniurn (as Se)
Sodium (as Na)
Su l fa te  (as  SOa)
Su l f ide  (as  S)
Zinc (as Zn)
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Genwal is currently applying for a revision to their NPDES pernit to cover

unexpectedly large inflows of water to the underground workings (i.e., inflows

that are greater than can be stored and used underground). The plan developed

for this NPDES pernit revision will contain information concerning storage,

treatment, and monitoring of the water. A copy of this plan and the applicable

NPDES permit will be forwarded to DOGM when appropriate.

Water rights apparently have been filed for two additional springs in the

area surrounding the lease areas (93-L407 and 93-1408 on Figure 7-7).  As noted

in  Sec t ion  7 .1 .3 .1 ,  the  source  a t  93-L407 was no t  d iscovered dur ing  e i ther  o f

the field inventories and it is surmised that this source exists as a seep only

(s imi la r  to  93-1408 [SP-47] ) .  Source  93-L408 ex is ted  as  a  seep in  June bu t  was

dry in October.  Hence, i t  was decided not to monitor these seeps on a long-term

basis since they do not f low at a suff ic ient rate to perni t  sample col lect ion.

Genwal has installed one monitoring well (l{W-l) near the mine portal in

the locat ion indieated on Figure 7-4. Two addit ional monitor ing wel ls wi l l  be

dri l led underground (see Figure 7 -4) .  MW-2 wi l l  be instal led in the proposed

East Mains near their  junct ion with the North Mains. MIn-3 wi l l  be instal led in

the eastern third of Fourth l {est.  These locat ions were chosen in areas where

access wi l l  be maintained as long as possible and st i l l  provide as much

tr iangulat ion with MW-1 as possible.

Each underground monitor ing wel l  wi l l  be dr i l led using air-rotary

techniques. Each hole wi l l  be dr i l led approximaEeLy 2 inches in dianeter to a

depth of 20 feet below the point at  which water is f i rst  encountered or to a

depth of 200 feet,  whichever comes f i rst .  Dri l l ing of a larger diameter hole

at greater depth wi l l  be precluded by the inabi l i ty of  a larger dr i l l  r ig to

nobilize underground.

Following drill ing, each hole will be surged with air to remove fines that

have accumulated in the holes. This surging will continue until the water

discharging from the holes is vis ibly clear.  A short  sect ion of 2- inch diameter

steel surface casing will be driven into the cop of the hole and cemented in
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place. A cap wi l l  be placed on Ehis casing to al low closure of each wel l  when

not  in  use .

Construction of the underground monitoring wells will begin during the

f i rst  quarter of  1989. Li thologic and complet ion logs of the wel ls wi l l  be

submitted to DOGM with the results of analyses of the f i rst  samples col lected

from the wells. An interpretation of the hydrogeology of the Star Point aquifer

beneath the mine will also be subrnitted rrlth the initial water-quality results.

Water- level measurements and water-qual i ty samples wi l l  be col lected from

the monitor ing wel ls on a quarter ly basis fol lowing complet ion. During the f i rst

two years following completion of the in-mine welIs and every fifth year

thereafter dur ing the operat ional per iod of the mine, water-qual iuy samples

col lected from al l  wel ls wi l l  be analyzed according to Table 7-5. During inter im

years, water qual i ty samples wi l l  be analyzed aecording to the l ist  provided in

Table 7-4. Monitor ing wi l l  cont inue according to this schedule in accessible

wel ls unt i l  two years after the complet ion of surface reclamation act iv i t ies.

Each monitor ing wel l  wi l l  be pumped pr ior to sarnpl ing to purge i t  of

stagnant water standing in the hole. In the case of MW-I,  purging wi l l  be

accompllshed using a submersible purnp. For MW-2 and MW-3, purging wi l l  occur

using a bladder punp.

In each case, purging will continue until at least 3 tines the volume of

water standing in the wel l  has been pumped. Samples wi l l  be col lected direct ly

from the discharge line of the purnp. Sarnples will be preserved and stored in

aecordance with u.s.  Environmental  Protect ion Agency guidel ines.

Groundwater monitor ing data col leeted from the area wi l l  be submitted to

DOGM on a quarter ly basis.  On an annual basis,  a report  wi l l  be submitted to

DOGM sumrnarLzing all data collected during the year and containing an analysis

of the mine water balance, accounting for nine inflows, oucflows, consumptive

uses, and sump storage.
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Following the completion of mining activities and during the post-

mining/reclamation period, water- level and qual i ty sanples wi l l  be col lected

annually frorn the designated springs and MW-1 until the termination of bonding.

In-mine wel ls wi l l  be inaccessible fol lowing reclamation. Samples wi l l  be

col lected during the lat ter port ion of the sunmer to represent low-f low

condit ions. Samples thus col lected wi l l  be analyzed for the parameters l isted

in Table 7-4. A report will be subrnitted to DOGM on a annual basis surnmarizing

the results and assessing mining impacts and system recovery since mining ceased.

7.2 Surface l later l lydrology

7 , 2 . 0  S c o p e .  S e c t i o n  7 " 2  p r e s e n t s  a  d i s c u s s i o n  o f  s u r f a c e  w a t e r

condit ions l t i th in and adjacent to the permic area ( lease area SL 062548 and area

IJ 054762). Conclusions drawn herein are based uDon a field reconnaissance of

the area and published hydrologic information.

7 .2 .L  Methodotogy .

7 .2 ,L .L  Genera l .  The U.S.  Geo log ica l  Survey  es tab l i shed a  gag ing

stat ion at the mouth of Crandal l  Creek in L978. The gaging stat ion was

maintained through water year L984. Data col lected from this stat ion were

obtained frorn the Water Resource Division of the USGS in Salt Lake City and used

to determine seasonal variations in flows in areas adjacent to the mine plan

area. Stream channels crossing the permit  area are al l  epheneral  in nature, with

no streamflow data being avai lable.

7.2.L.2 Runoff  and Sedirnent Control  .  Watershed boundaries used to

determine runoff  condit ions at the siEe are shown on Plate 7-3. Data obtained

from these watersheds were input to a computer code developed by Hawkins and

Marshal l  (L979) to generate runoff  hydrographs for the lO-year,  24-hour storm

required for designing various facilities. Inflow hydrographs to and outflow

hydrographs from the sedimentation pond were developed for the 21-year, 24-hour

storm using the hydrology and sedimentology nodel SEDIMOT II (tr{arner et al.,

1980;  Wi lson  e t  41 . ,  f980) .  Both  o f  these codes  mode l  runof f  us ing  the
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rainfall-runoff function and triangular unit hydrograph of the U"S. Soil

Conservat ion Service (L972) "

According to the U.S. Soi l  Conservat ion

hydrologic relat ions between storm rainfal l ,

can be expressed by the equat ions,

n  _  ( P - 0 . 2 5 )
x  P + 0 . 8 S

Serv ice (L972>,  the a lgebra ic  and

soil  moisture storage, and runoff

2
(7  -L )

and

- L0 (7  -2 )

where Q - direct runoff volume (inches)
S - watershed storage factor ( inches)
P :  rainfal l  deprh ( inehes)

CN : runoff curve number (dimensionless).

r t  should be nored rhar (a) Equarion (7-1) is val id only for p>:0.2s

(o therw ise  Q:0) ,  (b )  Equat ion  (7 -2) ,  as  s ta ted ,  i s  in  inches ,  w i th  the  va lues

of 1000 and 10 carrying the dirnensions of inches, although metric conversions

are possible, and (c) CN is only a convenient transformation of S to establ ish

a scale of 0 to 100 and has no intrinsic meaning.

The average curve number for undisturbed areas was obcained from the curves

presented in Figure 7-9 using measured cover densit ies as reported in Chapcer

9 of the Permit  Appl icat ion Package for the northern half  of  lease area SL 062648

(formerly referred to as Tract 2).  A curve number of 59 was thus obtained for

the undisturbed areas, assuming a hydrologic soir  group of c.

The curve number for disuurbed and reclaimed areas was chosen from

professional judgement and tabulated values presented by the U.S. Soi l

Conservat ion Service (L972).  Accordingly,  a value of 90 was used for che pad and

road areas. For reclaimed areas wichin the disturbed area. a curve number of

75 was assumed.

_ 1000
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The translation of the runoff depth to an outflow hydrograph is

accomplished in the codes using the triangular unit hydrograph of the U"S. Soil

Conservat ion Service (L972).  This unit  hydrograph is shown in Figure 7-10 atong

with a typical curvilinear hydrograph. It is characterized by its time to peak

(Tp) ,  recess ion  t ime (Tr ) ,  t ime o f  base (T t ) ,  and the  re la t ions  be tween these

parameters  ( i .e . ,  T" :L .67Te;  T t :2 .67T) .  Thus ,  f rom rhe  geomet ry  o f  a  t r iang le ,

the incremental runoff (Q) can be defined by the equation,

O _(2 .  G7ro)  (qn)
6z

_  0 .75  0
a l  : -' p  tn

(dimensioned according to Q and T)
been previously defined.

where gp - peak flow rate
and other parameters have

and

Wfren Q is expressed in inches and Tn in hours, gn will be in inches per

hour" The flow at any time O<t<Tr nay be determined by sirnple linear

proportioning of the triangular unit hydrograph. The time to peak is related

to the fanni l iar expression t ime of concentrat ion (T") by the equat ion,

T .  *  r :  1 "7Tp (7  -s )

c i t e d  b y  t h e  U . S .  S o i lin which the factor L.7 is an ernpirical f inding

Conservat ion Service (L972).

The t ime of concentrat ion may be est imated by several  formulas. For this

report ,  T" was determined from the fol lowing equat ions (U.S. Soi l  Conservat ion

Service ,  L972);

( 7 -3 )

(7 -  r+1

( 7  - 6 )

( 7  - 7 )

L :

l :

T c  -  1 . 5 7 L

watershed lag (hours)
hydraulic length of the watershed, or distance along
the uain channel to the watershed divide (feer)

7 -45

s+19'7
19oO Y0 's

where
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S : watershed storage factor defined in Equation (2)
Y : average watershed slope (percent)

Tc - time of concentration (hours)

Diversions were designed to convey runoff from an undisturbed area away
from the discurbed site using the Manning and continuity equations:

V - 1 .485
n R 0 .675  0 .50 (7 -8 )

(7  -e)

and

Q:Av

where veloci ty ( feet per second)
hydraulic radius (feet)
hydraul ic slope (feet per
roughness coefficient
discharge (cubic feet per
f low area (square feet)

\ t -

R :
s-
n *
a*
A :

f oo t )

second)

Values of the roughness coeff ic ienc required for the solut ion of Equat ion (7-8)

were obtained by comparing local conditions with tabulated values provided by

the U.S. Soi l  Consei-vat ion Service (1956).  An enpir ical  formula developed by

Anderson et al"  (1970) was used to deterxnine the roughness coeff ic ient for r iprap

l in ings .

Calculat ions wich Equat ions (7-8) and (7-9) hrere performed using

interact ive compucer code ent i t led TMP1 as obtained from the U.S. Off ice

Surface Mining and out l ined by Weider et al .  (1983).  This code was used

determine flow conditions in the diversion channel at the design flow rate.

The sedinentation pond at che downstream edge of the site has been designed

with a primary and emergency spi1lway. The primary spillway consists of a CMp

riser and pipe through the enbankment while the emergency spillway consists of

a riprapped overflow at the corner of the embankment.

o f
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At low heads, the hydraulic capacity of the primary spillway behaves as

a weir"  According to Barf ield et al"  (L93f),  the equat ion for weir-control led f low

is

Q - Cutt . t

where Q : discharge (cubic feet per second)
C :  weir  coeff ic ient
L :  length of the weir  ( feet)
H :  depth of water above the weir  crest ( feet)

(7- r0)

A value of the weir  coeff ic ient equal to 3.1 was selected since the

structure wi l l  act as a broad-crested weir  (Barf ield et al .  ,  1981).  The length

of the weir is equal to the circumference of the CMp riser.

As the depth of water increases above the riser, the riser acts like an

or i f i ce .  The equat ion  fo r  o r i f i ce  f low is  (Bar f ie ld  e t  a l " ,  r9s1)

Q -  c 'A (2gH)o "s (7 -11 )

where  C ' :  o r i f i ce  coef f i c ien t
A - cross-sect ional area of the inlet  (square feet)
g -  gravi tat ional constanc (feet per second squared)

and other parameters have been previously def ined. A value of 0.60 was selected

for the or i f ice coeff ic ient based on guidel ines presented by Barf ield et

a l .  ( 1 9 8 1 ) .

Pipe flow occurs when the head increases sufficiently to cause the outlet

che discharge pipe leading from the riser to flow full. The discharge capaciry

the culverts under pipe flow conditions was determined using the equation,

o f

o f

Q : A(2gH, ;0.s711+t<"+Ko+K"L)o.s

where H'  :  head on the p ipe ( feet)
K" -  entrance loss coef f ic ienU
Kr :  bend loss coef f ic ient

(7 -L2)

7 - t+8



K" -  f r ic t ion loss coef f ic ient

and al l  other parameters have been previously def ined. Values of 1.0, 0.5, and

0.062 were used for K",  Ks, and K",  respect ively based on information provided

b y  B a r f i e l d  e t  a l .  ( f 9 8 1 ) .

The discharge capacity of che emergency spillway was determined using a

nethod developed by the U.S. Soi l  Conservat ion Service (L958) and expanded by

Barf ield et al .  (198f) for broad-crested weirs.  According to this methodology,

the cr i t ical  specif ic energy head (H"") is deternined for selected values of the

energy head ofwater in the pond (Hn) from Figure 7-LL. The discharge capacity

of the spi l lway is then calculated for the standard 100-foot wide recrangular

sect ion from the equat ion,

q ,  :  ( 0  . 5 4 4 >  ( g o . t )  ( H . " t . t )  ( 1 0 0 )

where q" :  discharge for standard 100-foot rectangular sect ion
(cubic feet per second)

and all other parameters have been previously defined.

corrected for a trapezoidal sect ion using the equat ion,

q  -  ( [ 1 .5b  +  zH" " ] / 150 ) (q , )

(7- r3)

The flow is  then

(7 -r4)

where q :  correcced discharge (cubic feet per
b :  boctom width of channel ( feer)
z :  channel s ide slope (run over r ise -

second)

dimensionless )

The hydraulics of the spillway system was deterurined by assuming the pond

was dewatered to the top of the sediment storage level prior to inflow from the

25-yeat,  24-hour storm.

7  "2 .L .3  S tab t l i t y  Ana lyses .  Due to  space res t r i c t ions ,  the  sed iment

pond for the mine site was designed with upstream and downstream slopes both

equa l  to  2h : lv .  S ince  UMC 8 l -7 .46(m)  requ i res  a  combined s lope o f  5h : lv ,  a

7 -49
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stability analysis was conducted to ensure that the pond embankment, as designed,

would be stable.

The stability analysis was conducted using a microcomputer version of the

program ent i t led STABL2 (Siegel,  L978).  The nodif ied Bishop method was used to

calculate the factor of safety under both stat ic and seismic condit ions.

Stability was modeled assuming both full and enpty ponds, both with and wichout

the designed clay liner functioning. Resulcs of these analyses are presented

i n  S e c t i o n  7 . 2 . 3 . 2  a n d  A p p e n d i x  7 - 6 .

7.2.2 Exist ing Surface l later Resources

7.2.2.L Regional Surface l fater l lydrology. Crandal l  Creek is an

east-flowing tributary of Huntington Creek, one of the najor tributaries of the

San Rafael River. Huntington Creek had annual flows near Huntington ranging from

25,000 to 150,000 acre-feet dur ing the period of October 1931 through September

1973,  averag ing  65 ,000 acre- fee t  per  year  (Wadde l l  e t  a1" ,  fgSL) .  Var ia t ions

in the annual flow of Huntington Creek near Huntington are portrayed graphically

in  F igure  7-L2 .

Approximately 50 to 70 percent of streamflow in the mountain streams of

the region occurs during May through July (Waddel l  et  al .  ,  1981) .  Screamflow

during this late spr ing/early surnmer period is the resulc of snow melt  runoff .

The quality of water in Huntington Creek and other sirnilar streams in the

area varies signi f icant ly with distance downstream. Waddel l  et  a1. (1981) found

that concentrat ions of dissolved sol ids var ied from 125 to 375 mil l igrams per

l i ter in reaches of major streams above major diversions to 15OO to 4025

mil l igrans per l i ter in reaches below major i rr igat ion diversions and populat ion

centers. The major ions at the upper si tes were found to be calcium, magnesium,

and bicarbonate, whereas sedirrm and sulfate became more dominant at the lower

si tes. They attr ibuted these changes to (a) diversion of water containing 1ow

dissolved sol ids concenErat ions, (b) subsequent i rr igat ion and return d.rainage

7 -5L
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f rorn moderate to highly sal ine soi ls,  (c) ground-water seepage, and (d) inf low

of sewage and pollutants from population centers.

Average annual sediment yields within uhe Huntington Creek drainage basin

range from approximaEely 0.1- acre-feet per square mile in the headwaters area

to about 3.0 acre-feet per square mile near the confluence with the San Rafael

River (Waddel l  et  41.,  1981).  Increases in sedirnent yield with increasing

distance downstream is generally the result of increasing amounts of shale and

sandstone in the downstream direct ion (waddel l  et  al . ,  r98l) .

7,2,2.2 Uine Plan Area Surface Hydrology. The permit  area is

drained entirely by epherneral watersheds. These watersheds are steep (with

average slopes often exceeding 50 percent) and wel l  vegetated (with percent

covers also often exceeding 50 percent).

Flow data col lected at the U.S. Geological  Survey gaging stat i_on at the

mouth of Crandall Creek are contained in Appendix 7-2. These data are summarized

in Figures 7-13 (nonthly flow volurnes) and 7-14 (monthly naximum and rninimum flow

ra tes)  fo r  the  per iod  o f  record  (October  1978 -  September  19S4) .  Data  co l lec red

from the USGS gaging station location at the mouth of Crandall Canyon was

diseont inued by the USGS in 1984.

As noted in Figures 7-13 and 7-L4, the f low data for Crandal l  Creek are

not complete for the winter months in most years, due presurnably uo data

acquisi t ion problems. However,  the l i rni ted data indicate that mosr of the f low

of Crandall Creek oecurs in the period of May through July, in keeping with the

eonclusions of Waddel l  et  al .  (1931).  Assuning an average f low of 30 acre-feet

per month for the period of rnissing record, the average annual flow for the six-

year period of data contained in Appendix 7-2 vas 2740 acre-feet.

According to Figure 7-L4, maximum f low rates in Crandal l  Creek normal ly

occur in the months of May or June, while ninirnum recorded flows occurred during

Ehe months of September through November. During the period of record, the

maximum recorded dai ly f low rate has been 88 cubic feeE per second (on May 30,

7 -s3
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1983).  The minimum recorded dai ly f low rate has been 0.28 cfs (on several  days

in Septenber 1981) during the seme perlod. tower minimums may have occurred

during the period when data are lacking.

Plan and profile views of Crandall Creek adjacent to the surface facilities

are shown on Plate 7-L. Selected cross sect ions are provided on PLate 7-2. As

noted, Crandall Canyon is steep, with channel slopes normally exceeding 5
percent. The channel botton is approxinately l-0 feet wide and side slopes are

steep (general ly greater than 100 percenc).

Surface \tater-quality data collected from Crandall Creek by Genwal are

contained in Appendix 7-3 and summarized in Table 7-5a. These data, col lected

between June 1983 and November 1985, indicate that the dominant ions in Crandall

Creek are calcium and bi .carbonate. Total  dissolved sol ids concentrat ions in the

stream have varied from 180 to 286 ni l l igrams per l i ter,  with lower

concentrations norurally occurring during the high-flow season.

Total suspended solids concentrations in Crandall Creek have varied during

the  per iod  o f  record  f rom (0 .5  to  5 .0  n i l l i g rams per  l i te r  (see  Append ix  7 -3) .

As expected, the highest suspended sol ids concentrat ions general ly occur during
periods of highesr f Iow.

7.2,3 Surface l{ater Development and Control .

7.2.3.1 l later Supply.  No extensi.ve surface water development has

occurred in the nine plan or adjacent areas. Genwal has histor ical ly pumped

water from the stream near the sedimentation pond for use underground. However,

no pumping has taken place over the previous two years. Once the magnitude of
the mininum instream flow is established, Genwal agrees Eo not purnp from Crandall

Creek ac a rate that will cause the instream flow to decrease below the minimum

required rate. For the purpose to this determinat ion, f low rates wel l  be
measured using the flr.lne at the "Lower Stream Station" indicated on Figure 7-
20. No other points of development are known to exist on Crandall Creek or

adjacent streams in the immediate vicinity of the mine plan area.

7  -s6



Tab le  7  -5a . Concentrations of
Creek"

selected const i tuents in Crandal l

Const i tuent Maximr:m Date
(ne/L)

Minimum Date
(ne/L)

Mean
(ne/L)

Upper Stat i .on(")  60 Samples

T o t a l  D i s s .  S o l i d s  3 2 0
Tota l  Susp.  So l ids  L472
p H ( b )  g . 2 g
T o t a l  I r o n  0 . 3 4
D i s s  "  l r o n  < 0 . 0 5
Total  Manganese 0.03

LL/zt+/87
5/L6/84

Lo/2e /86
6/28/83
Several
Several

L/2e/86
5/L6/84

LL/20/86
5/28/83
Several
Several

180
0

6  "75
<0 .05
<0 .05
<0 .01

4/0e/8s
7  / L 7  / 8 6

LL/L4/84
Several
Several
Several

255
59 .3

7  "78
0 .  06
<0 .05

0 .01

259
57  "8

7  "75
<0 .05
<0"05
0 .01

Lower Stat ion(a)  52

T o t a 1  D i s s .  S o l i d s
Tota l  Susp "  Sol ids
pH(b )
Tota l  I ron
D i s s .  I r o n
Tota l  Manganese

Sanples

323
1468
8 .  55
0 .25

<0 .05
0 .03

15s
0

6  "95
<0 .05
<0 .05
<0 .01

LL/07 /84
7 /L7  /86
LL/0L/84

Several
Several
Several

( " ) S e e  F i g u r e  7 - 1 4
(b)In standard pH units
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Genwal,  in consultat ion with the U.S. Forest Service, wi l l  decermine the

appropriate base-l ine stream f lows which should be maintained in Crandal l  Creek

during prrmping episodes "

Table 7-6 presents a l ist ing of surface water r ights within the perrni t ted

and adjacent areas as obtained frorn the files of the Utah Division of Water

Rights in September l-987. More indepth information concerning these rights is

contained in Appendix 7-1. Locat ions of these r ights are noted on Figure 7-L5.

A11 surface water r ights noted in Table 7-6 and Figure 7-15 are held by

the U.S. Forest Service for stock water ing purposes. However,  dur ing the two

1985 seep and spring surveys, no signs of stock usage of the area were noted.

Thus, al though the r ights exist ,  usage of these r ights is apparent ly curtai led.

Only one water-supply intake is known to exist on Crandall Creek. This

intake is locaLed immediately upstream from the sedimentation pond and is

operated by Genwal to obtain water for use at the mine. A search of records on

file with the Utah Division of lJater Rights and an examination of physical

conditions along Crandall Creek and Huntington Creek indicate that no other

water-supply intakes exist within one nile from the confluence of the two

s t reams.

7 .2 .3 .2  Runof f -  and Sed lment -Cont ro l  Fac i l i t ies .  Resu l ts  o f

analyses to deterrnine the required size and hydraulics of the sedimentation pond

are included in Appendix 7-4. In sizing the pond, plans for future expansion

of the surface facilities at the Crandall Canyon Mine were accounted for.

Detai ls of  the sedimentat ion pond required for compl iance with 30 CFR 77.2L6-L

and 30  CFR 77.2L6-2  are  conra ined in  Append ix  7 -g .

Runoff to the sedimentation pond from the l0-year, 24-hour storm \^ras

determined to  be  0 .68  acre- foo t  (w i th  0 .30  acre- foo t  o r ig ina t ing  on  rec la imed

and undisturbed areas and 0.38 acre-foot or iginat ing on disturbed and ponded

areas).  Required sediment storage for the pond was d.etermined to be 0.31 acre-

foot,  including 0.27 acre-foot f rom disturbed areas and 0.03 acre-foot f rom

7 -58



TabLe  7 -6 .  Su r face  wa te r  r i gh ts  i n  t he  m ine  p lan  and  ad jacen t  a reas "

W.  U .
C la im
No" Owner

F low
(c f s ) Use Per iod  o f  Use Source

{
I(,
ro

93-182

93-183

93- r -BB

93- r90

93- r91

93-483

93- t -180

U.  S .  Fo res t

U .  S  "  Fo res t

U .  S .  Fo res t

U .  S  "  Fo res t

U .  S .  Fo res t

U .  S .  Fo res t

U .  S .  Fo res t

Serv i -ce

Serv ice

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

May  2L

,June 6

May  2L

May  2L

,June 6

June 6

May  2 I

to Aug

to Aug

to Aug

to Aug

to Aug

to Aug

to Aug

St ream

St ream

St ream

St ream

Stream

St ream

St ream

( a )

( b )

( a )

( a )

( b )

( b )

( a )

30

25

30

30

25

25

30

( a )  P a r t
( b )  P a r t

o f
o f

wate r  r i gh t
water  r ight

wuc 9 3- l -1"6
wuc  93- l -403

on Hunt ington
on  C randa l l

C reek
Canyon  A l l o tmen t
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undisturbed and reclaimed areas over a 3 year period.

designed with a total  storage volume of 0.98 acre-foot"

Hence, the pond was

Plate 7'4 Presents detai ls of  the sedimentat ion pond design. Cross

sections referred to on the plate are found on Plate 7 -6. Based on the

topographic map of the pond, the stage-capacity curve provided in Figure 7-15

was developed. This stage-capacity curve has taken account of the clay liner

and the gravel marker noted on plate 7-4.

As noted in Figure 7 -L6, the pond provides sediment storage to an elevat ion

of 7777 "1 feet and total  storage (sediment plus runoff)  to an elevat ion of 7782.6

feet.  Sediment.  wi l l  be cleaned out of the pond when i t  reaches an elevat ion of

7775.5 feet at  the r iser ( the elevat ion corresponding to a volume of 60 percent

of the required sediment storage volune).  Two steel stakes are placed at the

locat ions shown on Plate 7-4 xo mark the sediment-clean-out elevat ion of 7775.5

f e e t .

Sedirnent removed from the pond will be initially stored in the location

noted on Plate 3- l-"  Permanent disposal of  the sedirnent wi l l  be in accordance

w i t h  S e c t i o n  3 . 3 . 9 .

A previous riser in the sedimentation pond had an overflow elevation of

7779.4  fee t  and a  decanc  e leva t ion  o f  7777.1  fee t .  The decant  sys tem \ ras

ins ta l led  accord ing  to  P la te  7 -5  ( i .e . ,  a t  the  Eop o f  the  sed iment  s to rage

level). A gate valve r,,ras installed as noted to allow manual draining of the

pond. A locked cap was placed over the access port  to the gate valve to prevent

unauthorized entry. The k"y to this valve is kept at the Genwal office in

Huntington" Under no circumstances will water be discharged frorn the

sedimentation pond to Crandall Creek prior xo 2t+ hours from the end of the runoff

event to the pond.

Prior to any discharges through the decant system on the sedimentation

pond, a samplewi l l  be col lected to deternine total  suspended sol ids, sett leable

sol ids, total  dissolved sol ids, oi l  and grease, total  i ron, total  manganese

7  - 6 L
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concentrat ions, and pH. This sample wi l l  be col lected by opening the gate valve

on the dewacering device, allowing water to flow from the pond through the

prirnary spillway for a sufficient tirne to collect a sample of the water, and then

inmediately shutting the gate valve to prevent further dewatering. This sample

will then be submitted to a laboratory for analyses of the indicated parameters "

After receipt of analytical results fron the laboratory, if the pH and

concentrat ions of total  suspended sol ids, sett leable sol ids, total  dissolved

sol ids, oi l  and grease, total  i ron, and total  manganese are within the acceptable

linits established by IIMC 817 .42 and the NPDES permit for the sedimentation pond,

water will be discharged fron the pond through the dewatering device. If the

Parameters of concern are not within the acceptable l imits,  no water wi l l  be

discharged through the device.

The sedimentat ion pond wi l l  nornal ly be dewatered direct ly to Crandal l

Creek.- However,  in the event of an emergency (e.g.,  runoff  f lowing into the pond

when it is full but the quality of water in the pond is not sufficient to permir

discharge to Crandall Creek), the pond will be pumped to the underground sump

in the mine. No water will be discharged from the sunp to the surface unless

water in the sunp is determined to meet the water-quality standards of UMC 8L7.42

and the NPDES permit. This will be determined by opening rhe valve to rhe

discharge l ine for a suff ic ient t ime to al low col lect ion of a sample at the NPDES

discharge po in t  ( i .e . ,  the  sed imenta t ion  pond ou t le t ) .  Th is  sample  w i l l  l i kewise

be analyzed for the parameters of concern. If the analytical results indicate

that the water is of  adequate qual i ty,  i t  wi l l  be discharged to the surfaee.

rf  the v/ater is not of  adequate qual i ty,  i t  wi l l  not be discharged.

During discharge of water to Crandall Creek from either the sedimentation

pond or the underground sump, samples of the water will be collected at the

discharge point at  the beginning, middle, and end of the discharge t ime. These

samples wi l l  be sent to a laboratory fol lowing the discharge period for analyses

of  to ta l  suspended so l ids ,  se t t leab le  so l ids ,  to ta l  d isso lved so l ids ,  to ta l

i ron, total  manganese, oi l  and grease, and pH. Analyt ical  results wi l l  be
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submitted to the Division within 10 working days of receipt of these resulcs from

the laboratory"

The outf low point on the r iser was raised 3.2 feet to an elevat ion of

7782" 5 feet ( the top of the total  storage pool) .  This was accomplished with a

sect ion of 24- inch CMP clamped to the exist ing r iser.

During the spr ing of 1989, leakage was noted through joints located in the

lower Port ion of the sedimentat ion pond r iser.  This leakage has caused a sl ight

but continual discharge from the seidmentation pond. To alleviate this leakage,

the lower portion of Ehe riser and the existing barrel will be plugged with

cement. A new barrel wil be installed through and down the face of the

embankment. This riser will extend to Crandall Creek, discharging onto natural

r iprap that exists at the toe of the dam. Detai ls of the proposed al terat ion

to the sedimentai ton pond pr inary spi l lway are provided on Plates 7-6 and 7-6A.

Results of inflow and outflow analyses from the Zl-year, 24-hour storm

using SEDIMOT II  are presented in Appendix 7-4. I t  should be noted thar rhe

sedimentology option of SEDIMOT II was used during design only to pernit routing

of the hydrograph through the pond. However, since sediment contributions from

the 25-yeat,  24-hour evenE are not of concern in design of the pond (only

sediment yield from the lO-year,  24-hour and smal ler storms is of regulatory

concern),  the sediment inputs to the model were suppressed. Thus, the output

from the program indicates sediment concenErat ions of 0 mi l l igrams per l i ter.

Selected other outPuts contained in AppendLx 7 -4 assoeiated with sediment yield

are, therefore, also meani_ngless.

It should also be noted that, although detention tines shown on the output

in AppendLx 7-4 are relat ively low (0.15 hour),  these t imes have no regulatory

meaning for a 25-year event ( i .e",  regulatory concerns address only the l0-year

and smal ler events).  Again, the program was used pr imari ly for i ts spi l lway-

design capabi l i t ies and not for deal ing with the specif ics of sediment yield and

detenEion times from the 25-year design event.
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Utilizing the conbined hydraulics of the priurary and proposed emergency

spillways, the peak outflow stage during the 25-year, 24-hour storm was

calculated by SEDIMOT II as 6.0 feet above the sedinent storage level. Thus,

the outflow elevation during the design flow event was determined to be 7783.L

feet. The hydraulic effects of the prinary spillway urodification are discussed

in Appendix 7'4. The effectiveness of energy dissipation of the discharge from

the barrel  of  the spi l lway to the creek are also presented in AppendixT-4.

The indicated overflow elevation during the design flow event (elevation

7783"1 feet)  is lower than that of  the proposed emergency spi l lway, indicat ing

that water will not pass through the emergency spillway under design conditions.

Nonetheless, an emergency spi l lway was instal led at the request of the U.S.

Forest Service to provide a factor of safety and a bypass for water during events

larger than those for which the pond was designed. Conservatively, the emergency

spi l lway crest was placed at an elevat ion of 778t+.0. As designed.,  this spi l lway

has a  bo t tom wid th  o f  4 .0  fee t  and s ide  s lopes  o f  2h :1v .

As noted on Plate 7-4, the emergency spi l lway wi l l  d ischarge onto the

boulder-covered slope adjacent to the sedimentation pond. Boulders that cover

this slope rlere blasted from the cut above the pond during construction of the

mine-access road. Due to the large size of the boulders, laboratory sLze-

fraction analyses eould not be conducted. However, the boulders are visually

est imated to range in size up to at least 10 feet in diameter.  I t  is further

est imated that approximately B0 percent of the coarse rock on the slope is f iner

than 8 feet in diameter,  30 percent is f iner than 5 feet in diameter,  and 10

percent is f iner than 3 feet in diameter.

The blasted rock has an approximate thickness of 15 to 20 feet at  the top

of the slope and 5 to 5 feet at  the bottom of the slope. The soi l  chat underl ies

the rock is a si l ty sand. Size-fract ion analyses presented by Delta Geotechnical

Consultants (1982) indicate that this soi l  is 70 percent sand and 30 percent si l r

and clay ( the lat ter being minus 200 mesh).
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The emergency spillway is lined vrith riprap and a filter blanket as noted

in Appendix 7-4 to reduce erosion potent ial .  Grading of the r iprap, f i l ter

blanket, and embankment nnaterials are shown in Figure 7-L7. Design of this

f i l ter blanket is presented in Appendix 7-4" The spi l lway wi l l  d ischarge

directly onto the boulder-covered slope. Due to the extreme thickness of the

boulders and cobbles on the slope, additional erosion proEection below the

emergency-spillway outflow will not be required.

Since the emergency spillway will not be flowing during the design event,

UMC 817.46(j)  requires only that the top of the sett led embankment be 1.0 foor

above the crest of che emergency spillway. This will result in an embankment

crest elevat ion of 7785.0 feet.  The crest of  the exist ing embankment was aE an

elevat ion of 7783.0 feet,  the design required the addit ion of 2.0 feet of  setr led

embankment to the top of the existing ernbankment. No additional material will

be added to account for sett lement since (a) the embankment is being raised 0.4

feet more than required and (b) the existing embankrnent is assumed to have

set t led  prev ious ly .

Wi th  a  c res t  e levaEion  o f  7785.0  fee t  and a  base e leva t ion  o f  777L.0  fee t

au the upstream toe, the embankment has a height of  14"0 feet.  Using the

equat ion provided in UMC 817.45(1),  the required top width of rhe embankmenr is
9 .8  fee t .  An  ac tua l  top  w id th  o f  10 .0  fee t  was  cons t ruc ted .

The existing pond was enlarged to meet the volume requirements of this plan

by removing excess f i l l  f rom the inter ior of  the pond. In addit ion, the upper

12 feet of the exterior of the existing embankment was recontoured to a slope

of 2h:1v. Pr ior to reconcouring the exter ior s lope, al l  large rock fragments

were removed.

A11 new fil l required to raise the embankrnent \das placed in 6-inch lifrs.

This new f i l l  was cornpacted in place by repeated passes of a front-end loader

or equivalent pr ior co placing the next l i f t .  Compact ion cont inued unt i l  the

density of the mater ial  was at least 90 percent of Proctor density (as determined

by sand-cone dens icy  tes ts  in  the  f ie ld ) .
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Because of the location of the sedinentation pond on a hillside between

the access road and Crandall Creek, insufficient space was available to permit

construcLion of side slopes with a combined upstream and downstream slope of

5h: lv and st i l l  provide the required storage capacity.  Hence, the pond has been

designed with 2h:lv side slopes on both the upstrean and downstream sides.

As included in the original design, the interior of the pond was lined with

a l2- inch thiek local,  compacted clay to reduce seepage from the pond and,

thereby, increase the stability of che embankment. The clay liner was placed

in 5- inch l i f ts and compaeted during placement by ac least four passes of a

front-end loader or equivalent.  The ini t ia l  layer was disk-harrowed into the

bottom of the pond pr ior to eompact ion.

After pond cleanout, che thickness of the clay liner will be sampled by

means of a bucket auger at 8 locat ions. Three holes wi l l  be placed along the

ingress/egress route and f ive addit ional holes wi l l  be randomly selected from

the remaining pond area. If any of the holes penetrate less than 10 inches of

clay, addit ional c lay wi l l  be compacted into the def ic ient areas of the pond.

A11 new construction on the revised sedimentation pond was supervised by

a Professional Engineer who is l icensed in the State of Utah. An ini t ia l

cert i f icat ion report  was prepared and cert i f ied by the supervisory PE for

submission to DOGM fol lowing cornplet ion of construct ion act iv ic ies. Pl^ate 7 -4a

shows as-bui l t  drawings of the pond and r iser decai l .  Plate 7-6a shows as-bui l t

cross sect ions through the pond. Appendix 7-10 contains as-bui l t  calculat ions

for the sedimentat ion pond and the ini t ia l  cert i f icat ion report .  The ini t ia l

cert i f icat ion report  previously subnit ted to DOGM included:

Existing and required monitoring procedures and instrumentation

The design depth and elevation of any impounded waters at the time of the
report

Existing storage capacity of the dam or embankment

A discussion of any fires occurring in the construction material up to the
date of cert i f icat ion
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A discussion of any other aspects of the dam or embankment affecting
stabi l i ty

Flow conditions in Crandall Creek adjacent to the sedimentation pond were

examined to deterrnine if flood flows may erode the downstream toe (see Appendix

7-5).  As noted, the peak f low from the 100-year,  24-hour precipi tat ion event

will encroach 0.6 foot above the toe of the embankrnent. Thus, a riprap

protect ive layer (with a median rock diameter of 12.5 inches) was placed along

the lower 2.0 feet of the embankrnent as shown in Plate 7-4. Placement of this

riprap will serve an incidental purpose of inereasing the stability of the dam

by placing additional weight on the downstream toe"

Although the presence of the sedimentation-pond dam adjacent to Crandall

Creek rnay sl ight ly al ter f low condit ions in the stream, the placemenE of erosion-

Protection features on the steep stream bank across from the pond is not

cons idered jus t i f ied  fo r  two reasons .  F i rs t ,  p lacement  o f  e ros ion-pro tec t ion

features on the bank across from the pond will l ikely cause more disturbance than

it will prevent due to the steepness of the bank. Second, as noted in Appendix

7'5, the peak flow event for which the analysis was conducted has an estimated

return period in exeess of 10,000 years (due to the conservat iveness of the storm

distr ibut ion used in the analysis),  indicat ing the remoteness of the possibi l i ty

that the stream rnight overtop its banks and impinge on the dam.

As a result ,  whi le the pond is in

the pond will be inspected each tine the

( s e e  S e c t i o n  7 . 2 . 6 ) .  I f  e r o s i o n  o c c u r s

presence of the pond, a repair  plan

consultat ion with DOGM"

operat ion, the stream bank across from

piezometer through the dam is monitored

on the opposite stream bank due to the

wi l l  be prepared and implemented in

An analysis was conducted of the pond to determine che stability of the

dam under selected condit ions. Cross sect ions used for the analysis are shown

on Plate 7-4, as are locat ions where Shelby-tube soi l  sanples were col- lected for

laboratory analyses to determine local soi l  propert ies. Results of the

laboratory and stability analyses are presented in Appendix 7-5 and sumrnarized

i n  T a b l e  7 - 7 .
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Table 7-7. Sumnary of s lope stabi l i ty analyses.

Cross Condit ion
Sect ion( " )

Mininun Required
Safety Safety
Factor Factor

A . A '

B - B '

c-c ,

Unsaturated, stat ic
Unsaturated, seismic
Saturated, stat ic

Unsaturated, stat ic
Unsaturated, seismic
Saturated, stat ic

Unsaturated, stat ic
Unsaturated, seismic
Saturated, stat ic

2 .20
L .76
1 .  19

2 "00
L .  s5
l - . 0B

2 .23
L .67
1 .  38

l .  s0
l _ "10
1 .00

1 .  50
1 .10
1 "  00

1 "  50
1 "  10
1 "00

( u ) S e e  
P l a t e  7 - 4
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The required safety factors shown in Table 7 -7 were developed in

consultation with DOGM in a meeting on April 2, L986 among Randy Hardin and Rick

Summers of DOGM, Andrew C. King of Genwal, and Richard B" White of EarthFax

Engineering, Inc. A comparison of the required and actual safety factors

indicates that the embankment as designed will be stable. It should be noted

that these safety factors did not include the benefits due to installation of

the riprap on the dam toe as discussed above.

Fol lowing construct ion of the sedimentat ion pond as designed herein, a1l

disturbed areas associated with pond construction (with the exception of the

inter ior of  the pond) vtere revegetated with the seed nixture noted in Sect ion

3"5"5.2 of this PAP. This mixture was developed in consultat ion with Lynn

Kunzler of the Divis ion and! i la l t  Nowak of the U.S" Forest Service. This mixture

provides rapid growth species, sod-forming species, and species that are

compatible with other plants.

Seeding was done in the late fal l  of  L985, just pr ior to the f i rst  heawy

snowfal l  of  the year (Plurnmer et al . ,  1968).  Seeding was accornpl ished by

broadcast ing with a cyclone seeder.  Mulch was placed after seeding. The mulch,

which consisted of two tons of stra\,r  or grass hay per acre of disturbed area,

was spread over Ehe area to be planted and cr imped into the soi l  with a roto-

t i l l e r  o r  shove l  to  a id  in  mo is tu re  recent ion  (U.S.  So i l  Conserva t ion  Serv ice ,

L97s) .

Fol lowing seeding, the revegetated outslopes of the pond were inspected

during normal pond inspections Eo determine the effectiveness of the seeding.

As of Fal l  1987, the revegetat ion effort  appears to have been successful  on the

outslopes of the pond" Straw-bale dikes were added as necessary to control

excessive gul ly ing on the dam face. These dikes were instal led as noted by

Figure 7 -L8.

In addition to revegetating the outslope of the pond with the grass seed

mix noted in Sect ion 3.5 .5.2, considerat ion was given to plant ing phreatophytes
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indigenous to the riparian comrnunity of Crandall Creek" However, the decision

was made to not plant riparian vegetation for the following reasons:

The presence of deep-rooted riparian vegetation often encourages rodent
burrowing, thereby reducing the stability of the dam"

Because the roots of phreatophytes are generally larger Ehan those of
Srasses '  roots of those r ipar ian plants that die cause signi f icant
weakening of the dam upon decay.

lMC 817"45(s) requires that inter im revegetat ion of the pond embankment
be conducted to stabilize the ernbanknent 'rwith respect to erosion". The
plan proposed above (plant ing with grass species and instal lat ion of straw-
bale dikes as necessary) will ninimize erosion of the face of the d.am due
to overland flow. Erosion of the toe of the dam due to flood flows in
Crandall Creek will be nininized with the addition of a layer of riprap
along the toe as also outlined above.

Srnall-area exemptions are reguested for the seven areas shown on Plate 7-

5 and Figure 7-L8a. SAE-I (wich a surface area of 0.02 acre) is the outslope

of the access road to the adrninistration pad at the western end of the surface

fac i l i t ies  as  we l l  as  to  p roposed U"S.  Fores t  Serv ice  fac i l i t i es  to  be  loca ted

upstream from the mine faci l i t ies. Runoff  f ron this area cannot feasibly drain

to the sedimentation pond without excessive disturbances adjacent to Crandall

Creek .

Runoff will occur from SAE-1 as sheet flow toward Crandall Creek. The area

was reclaimed as out, l ined in Sect ion 3.5 for contemporaneous reclamation.

Reclamation conmenced during the autumn L986 irnrnediacely following completion

of construct ion associated with the area. Maintenance of the revegetat ion effort

wi l l  occur as out l ined in Sect ion 3.5. Imrnediately fol lowing revegetsat i .on, a

straw-bale dike was instal led along the ent ire toe of SAE-l  to control  sediment

yields fronn the area pr ior to effect ive establ ishment of the vegetat ion. This

has since been replaced with a silt fence in areas where the width of the

revegeta ted  sec t ion  is  l_ess ' than 5  fee t .

Calculat ions required to determine the effect iveness of the vegetat ion in

control l ing sediment yield frorn SAE-1 are contained in Appendix 7-9. According

to these calculat ions, with the lower f ive feet of  the reclaimed area act ing as
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a grass filter, the peak suspended sediment concentration yielded by SAE-1" during

the lO-year,  24-hour storm is 12 rni l l igrarns per l i ter.  This value is less than

the effluent concentration for toual suspended solids required by IIMC 8L7"42.

SAE-2 (consist ing of 0"34 acre) exists at the northwest eorner of the si te.

This area was ini t ia l ly constructed as a substat ion pad and associated access

road" Because the substat ion has not been instal led and may not be instal led

in the future, SAE-2 wi l l  be reclaimed. Of the total  area, 0.15 acre received

f inal  reclamation treatment and O.19 acre received contemporaneous reclamation

t rea tment  (see Sect ion  3 .5 ,  P la te  7 -5  and P la te  7 -5C)"  An add i t iona l  a rea  o f

0.90 acre of undisturbed area drains onto SAE-2 from above.

Site drainage could be constructed to cause this atea to drain to the

sedinentation pond. However, enlargement of the pond to accepc runoff frorn this

area would be feasible only if a culvert was installed in Crandall Creek. The

result ing damage to Crandal l  Creek ( i"e",  removal of  r ipar ian vegetat ion,

al terat ion of the channel cross sect ion, etc.)  for the sole purpose of sediment

control  is not considered just i f iable.

SAE-2 was reclaimed (contemporaneous and final) as outlined in Section

3.5. A sediment trap was instal led at the downstream end of this area to control

sediment yield. This trap utilizes the maximum space available and has a burface

area of 150 square feeu (10 feet by 15 feet) .  A l2- ineh CMP culvert  was

instal led to act as a spi l lway. This culvert  discharges into UD-l .  Detai ls of

the design of the sediment trap are conEained in Appendix 7 -9 .

The effectiveness of the sediment trap nas modeled using SEDIMOT IL

Results of these analyses are contained in Appendix 7 -9. According to this

information, the peak effluent concentration of suspended sediment from the trap

wi l l  be 2898 mil l igrams per l i ter.  Al though this concentrat ion is greater than

the standard contained in UMC 817 .42, ix is significanrly less rhan rhe influenu

suspended sediment concentration from the undisturbed area that drains to the

trap (17,320 mil l igrams per l i ter) .  Thus the net effect is to decrease suspended

sediment concentrations fron the area below that which would naturally occur.
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As an option for further reducing effluent sediment concentrations, the

possibility of adding silt fences to the sedimenc trap was examined. Adding silt

fences to act as baffles within the trap (thus increasing the flow path and

decreasing the dead space in the trap) did not significantly reduce the peak

effluent concentration. Adding silt-fence material to the lnlet of the outflow

culvert would increase detention tirne in the trap but would significantly reduce

the hydraulic effectiveness of the spillway, thus increasing the potential for

overtoPPing of the trap and subsequent downstream erosion. Thus, the sediment

traP as designed was consi.dered to be the best opt ion for control  of  SAE-2.

SAE-3  cons is ts  o f  a  smal l  a rea  (0 .32  acre)  on  the  south  s ide  o f  the  U.S.

Forest Service access road that has served in the past as the mater ials

storager/office pad. The northern portion of this area was reclained using final

rec lamat ion  techn iques  ou t l ined  in  Sec t ion  3 .5  (see P la te  7 -5  and 7-5C) .  Aberm

of boulders rdas placed between SAE-3 and the road to prevent access to the

reclaimed area. A straw-bale dike (Figure 7-18) was instal led along the southern

port ion of the reclaimed area to serve as a sediment-control  device Drior to

effect ive revegetat ion.

The southern port ion of SAE-3 eonsists of boulders pi led against the

outslope of the pad. These boulders were blasted from the si te high wal l  dur ing

ini t ia l  construct ion. Due to potent ial  stabi l i ty problems that rnight be created

by removal and the difficulty of removing these boulders frorn the outslope, this

slope will remain unreclaimed.

The effectiveness of the reclamation activities was modeled using SEDIMOT

II.  Results of these calculat ions are contained in Appendix 7 -9 .  According to

this appendix, the peak effluent suspended sediment concentration from SAE-3

during the 1-0-year,Z4-hour storm is 2 mi l l igrams per l i ter.  This concencrat ion

is within the standards esrabl ished bv UMC 8L7.42.

SAE-4  cons is ts  o f  a  0 .1 -4  acre  area  on  the  ou ts lope (south  s ide)  o f  the  U.S.

Forest Service road between SAE-1 and SAE-3. Periodic grading and maintenance

of the access road results in fresh soi l  occasional ly being deposited on the
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outsloPe, l iur i t ing the potent ial  for the outslopes co be eontemporaneously

reclaimed. Thus, because the area does not report  to the sedi.mentat ion pond,

al ternate sediment control  wi l l  be provided.

Sedimentat ion control  in SAE-4 wi l l  be provided by instal l ing a si l r  fence

along the entire length' of the toe of the road outslope. The silt fence will

be instal led in accordanee with Figure 7-L8b. The si l t  fence wi l l  be

periodical ly inspected and repaired as required to ensure that i ts integri ty is

maintained.

SAE-5, SAE-6, and SAE-7 consist  of  the topsoi l  stockpi les that are located

on the south side of the access road east of the mine site in the areas indicated

in Figure 7-L8a. SAE-6 and SAE-7 also include smal l  gravel stockpi les used for

maintenance of the access road. Disturbed axeas associated with the topsoi l /

g rave l  smal l -a rea  exempt ions  are  0 .20  acre ,  0 .22  acre ,  and 0 .62  acre  fo r  SAE-5 ,

SAE-6 ,  and SAE-7 ,  respec t ive ly "

Sedimentat ion control  for SAE-5, SAE-5, and SAE-7 wi l l  be provided by

instal l ing straw-bal.e dikes around the perineter of each disturbed area. These

dikes wi l l  be instal led in accordance with Figure 7-18. The dikes wi l l  be

periodieal ly inspected and repaired as required to ensure that their  inregri ty

is maintained.

SAE-8 consists of the Forest Service parking area west of uhe mine surface

fac i l i t ies  (see P la te  7 -5) .  Th is  park ing  areawas cons t ruc tedby  Genwal  fo r  the

Forest Service during the lauest surface expansion. Al though i t  is nou part  of

the surface faci l i t ies, i t  is a disturbed area within the permit  boundaries.

Sedimentat ion control  wi l l ,  therfore be provided. The disturbed area associated

w i t h  S A E - 8  i s  0 . 1 7  a c r e .

Sedinentat ion control  for SAE-g wi l l  be

in accordance with Figure 7-18b between the

The si l t  fence wi l l  be periodical ly inspected

that i ts intergr i ty is rnaintained.

provided by a si l t  fence instal led

parking area and Crandal l  Creek.

and repaired as required to ensure
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A diversion (UD-l)  was placed along the western edge of the si te at the

locat ion shown on Place 7-5A to divert  water from a 95-acre undisturbed watershed

around the yard area. Analyses and design lnfornation associated with this and

other diversions associated with the si te are contained in Appendix 7-7.

The diversion was designed to safely pass the peak flow from the Z5-year,

24-hour precipi tat ion event.  The result ing peak f low from this event (as noted

in Appendix 7-7) was determined to be t+7.7 cubLc feet per second. This diversion

is designed as a 42-inch full-round CI{P. The diversion discharges onto natural

boulders and water (during high flow of Crandall Creek) after passing beneath

the U"S. Forest Service road to aid in energy dissipat ion. Detai ls of  the design

are contained in Appendix 7-7.

Two additional diversions \rere designed to convey water frorn undisturbed

areas away from the disturbed site. One (UD-2) was constructed in the northwest

port ion of the si te along the proposed substat ion pad. The other was constructed

in the northeastern portion of the site to convey water away from the portal

area" Detai ls of  diversion design are presented in Appendix 7 -7 .  Both of these

diversions were designed to safely pass the peak f low result ing from rhe 25-

year ,  24-hour  s to rm.

Existing and proposed culverts in the mine yard were examined to determine

their  adequacy with respect to passing uhe peak f low from rhe lO-year,  24-hour

precipi tat ion event.  Detai ls of  these designs are provided in Appendix 7-7.

Sini lar ly,  di tches within the disturbed area were designed co pass the peak

f low from the 10-year,  24-hour storm. Typical  cross sect ions and design

calculat ions are contained in Appendix 7-7 fox these di tches.

A berm was placed around the proposed power substation to prevent runoff

I^Iater that accumulates thereon frorn flowing across the remainder of che site.

A small channel on Ehe substation pad collects water from Ehe pad and adjacenc

undisturbed areas. A sci l l ing basin was placed at the downstream end of this

diversion to trap sediment pr ior to discharging into UD-1 (see Appendix 7 -7).
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Plate 7-5A shows as-bui l t  surface runoff  eontrols.  Cross sect ions noced

on Plate 7-5A are shown on Plate 7-58" Appendix 7-LL contains as-bui l t

calculations for diversions and culverts. Watershed boundaries used in the as-

built calculations for diversions and culverts are shown on Plate 7-5C.

7 "2"4 Effects Of Minlng On Surface Water.  Runoff-  and sediment-control

faci l i t ies have been designed for the perrni t  area surface faci l i t ies in

accordance with appl icable DOGM regulat ions. Faci l i t ies for the perni t  area \rere

designed to safely convey and control runoff from the specified design storm

events. Thus, sediment yields due to nining operations in the perrnit area will

be miniur ized by the appropriate faci l i t ies.

The existing sedimentation pond has been reconstructed during the 1986

construction season in accordance with UMC 8L7.46, as detailed in the Runoff and

Sediment control  Plan located in Chapter 7.

The sediment pond and the underground sumps are the only water treatment

faci l i t ies ProPosed at the mine si te.  A NPDES permit  has been issued for the

sediment pond and is included as Appendix 3-g.

Underground suurps will be

water before discharging into

locat ion. These sumps wit l  be

before discharge begins. Al l

l imitations of the NpDES perrnir

Append ix  3 -8 .

built in order to effectively treat underground

Crandal l  Creek, refer to Plate 3-7 for sump

designed and submitted to the EPA for approwal

discharge into the creek will meet effluent

and monitored in accordance with same, refer to

the permit area into Crandall

by  se t t l ing  pr io r  to  d ischarge,

area are minirnized.

o f  L2 ,000 ga l lons  per  day  f rom

quantiCies are insuff ic ient to

Water is intermittently discharged from

Creek. Since this water is t reated in the pond

impacts to the quality of surface water in the

Genwal has historically purnped a maximum

Crandall Creek for underground use when in-mine

7 -80



suPPort underground operations" Assuning a 240-day work year, this quantity

equals 8.8 acre-feet per year.  Genwal agrees to maintain minimum instream f lows

in  Cranda l l  Creek  as  d iscussed in  Sec t ion  7 .2"3 .L .

Water required for dust suppression on the haul road is also used at a rate

of approximately 12,000 gal lons per day. During the l2O-day water ing season,

a water ing usage of 4.4 acre-feet is possible. I f  suff ic ient water is avai lable

underground this water is obcained from the mine. Otherwise, dust suppression

water is obtained from Crandal l  Creek. Hence, total  potent ial  usage of water

from Crandall Creek results in the diversion of about L3"2 acre-feet per year

from Crandall Creek. This quantity represents approximately 0.5 percent of the

average annual flow of the stream. This percentage is considered insignificant.

Shares in the Huntington-Cleveland Irrigation Company have been purchased t,o

cover the usage of this water.

7.2.5 Ult lgat ion and Control  Plans" As indicated, runoff-  and sedimenc-

control  faci l ic ies have been designed for the permit  area to protect the surface

hydrologic balance of che area and mit igate potent ial  impacts. These faci l i t ies

will be inspeeted quarterly in the future to ensure adequate functioning during

operat ion of the addit ional lease area (U 054762).  Required repairs wi l l  be

implemented inmediately. A typical form to be used during inspection is provided

in Figure 7 -L9.

Inpacts from mining to the quantity of water in the Crandall Creek

watershed are exPected to be minimal , as noted previously. If , alternative r^rater

suppl ies are required to replace exiscing surface water suppl ies, shares of the

Huntington-Cleveland Irrigation Cornpany owned by Genwal will be transferred for

this purpose.

7,2"6 Surface Water l lonl tor ing Plan. Two 36-inch Parshal l  f lumes that

\dere installed in July 1985 on Crandall Creek (one upstream frorn the surface

faci l i t ies and one downstream; see Figure 7-20).  These f lurnes are equipped with

stevens Type-F water- level recorders to al low the col lect ion of
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G E N W A L  C O A L  C O M P A N Y

Dzu,f SAFETY INSPECTION REPORT

DAU NA}!E:

HAZARD RATING:

INSPECTOR ' S

Government

COI'NTY:

SIGNATURE:

personnel at Inspection:

FOREST:

DATE:

Ownerrs Representative at Inspection:

Storage Level at

Outflow: Outlet:

Weather:

Tlme of Inspeclj.on:

Spil lway:

Note: A [No] in the Not Applicable column means not obse:rreddue to current f ield-cond,it ions,

EI.IBA}IIO{ENT Not No Minor
APplicable problen problen

Needs Crit ical
Repair
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Settl ing
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I
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I
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t
L
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L
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)
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I
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?
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I
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I
L

f ' t

t l
- t  l
t l
t l

t t
t l
t l
t l
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r 1
L J

Cracking
Erosion
Seepage
Drains
RJ.prap
Vegetation
Rodents
Debri.s

Comqents and

t l
L J
t l

Photographs:
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DA}f NA}TE:

ABUTMENTS AND
FOI'NDATTON

PAGE 2

Not No
Applicable problem

Needs Crit ical
Repair

Minor
Problem

settl ing
Cracking
Slunps
Eulging
Seepage
Ponding
Sinkholes
Erosion

Vegetatj.on

t l
t l
L J
t l

t l
t l
t l
t l
L l

t l
t l
t l
t l
t l
t l
t l
r 1
L J

t l

r 1
L J
L l
r l
I
L

t
t
t

r

t
t
t
t

Conments and photographs:

SPILLWAY Not No
Applicable problem

Needs Crit ical
Repair

Minor
Prqbleu

Meets Design t lFreeboard i j
Control operatlon i j
Leekage

Fron spillway t lInto Spi[way i j

|l

f ' l
L J

t l
t l
t l

t l
t t
t l

L J
r 1
L I

t l

Erosion r
Siltation i
Debris i
Vegetation ioutfall channel I
Concrete Stnrcture

t
t
t
t
t
t
f
L

Settleurent tcracks & Spalls i
Waterstops
Undercutting
weep HoLesTorainsi  j

Couments and photographs:

J

I
I

J

J
I
I

)

t
t
t
t
t

O 
F igure  l -Lg .  Con t inued
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DA}I NAME: PAGE 3

Needs Crit icaL
Repair

RESERVOfR BASIN Not
Applicable

No
Problem

t l
t l
t l
t l
t l

t l
r 1
L J

Minor
Problem

Fractures
Sinkholes
Sedinentati.on
Debris
Vegetation
Shore Stabil ity
Storage Gage

t l
t l
t l
t l
t l
t l
f l
L I

t l
t l
r 1
L J

r 1
t l

t l
t l
|l
L J

L J
L I

Connents and photographs:

OUTLET Not No
Applicable probleu

Minor
Problem
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Repair

Meets Design
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t l l

l
l'l
J

t l

t l
r l
T J

t l

t l

t l
|l

t l
|l

t l
r 1
L I

r 1
L . l

t J
L J
|t
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_lteasuring oevice i j
Intake
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L J
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L

t
t
t
L
?
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Backcutting
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t
L
f
L

t
L

Cornnents and photographs:

F igu re  7 -L9 .  Con t i nued .
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DAM NAUE:

SEEPAGE

PAGE 4

Location gpn sedirnent commen€s

1

2

3

4

t

t
f
L

r
L

SLUMPS AND locati.on
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I t

I t

I t

I t
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l

l

l
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r

t
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A

B

c

l

l

l
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DA}t NA}18: PAGE 5

SKETCH - Indlcate North, downstreau, seeps, Leaks, sinkholes etc.

F igu re  7 -Lg .  Con t l nued -
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continuous flow data"

monthly basis.

Charts will be changed and the flurnes inspeeted on a

tr{ater quality samples will be collected frorn the flume locations quarterly

(normally in January, April, Ju1y, and October), and analyzed according to the

l i s t  con ta ined in  Tab le  7 -8 .  Every  f i f th  year  (L990,  199J ,  e re . ) ,  rhe  samples

collected during the low-flow period (normally October) will be analyzed

according to Table 7-9. A11 samples wi l l  be anaLyzed for total  and dissolved

const i tuents according to the indicated l ists.  Discharges from the sedimentat ion

pond will be analyzed in accordanee ruith the NPDES pernit for the facility.

Surface-water monitor ing daEa wi l l  be subrni t ted to DOGM on a quarter ly

basis. At the end of each calendar year, an annual sunmary will be submicted.

This annual summary will analyze and describe variations in flows and quality

during the year and wi l l  include tables, graphs, hydrographs, etc.  as

appropriate.

Due to the close proximity of the sedimentation pond to Crandall Creek,

the piezometer instal led in the dam (see Plate 7 -4) wi l l  be monitored on a

quarter ly basis to reduce the l ikel ihood of a potent ial  dam fai lure.

Water- level measurements wi l l  be col lected frorn the piezomeEer imnediately

Prior to and fol lowing fut l -scale clean out of the sedimentat ion pond. I f  Ehe

pre- and post-cleaning water levels vary by less than 0.5 foot,  nonitor ing

fol lowing clean out wi l l  occur on a weekly basis for a period of one rnonth. I f

s igni f icant changes are not noted during this one-month period (as determined

in consulcation with DOGM), the rnonitoring frequency will return to a quarterly

interval .  I f  s igni f icant hrater- level changes are noted during the post-clean

out weekly monitoring period or if there is other evidence to indicate that the

embankment is rapidly saturating, Genwal will norify DOGM wirhin a 15-day period

of the water-level changes and will mutually agree upon additional monitoring

requirements.

7 - 8 8



Table 7-8" Abbreviated surface r,rat ,er analvsis l ist .

Field Measurements:

Flow
pH
Specific conductance (unhos/cm)
Temperature (oC)
Dissolved oxygen (ppm)

Laboratory Measurements :

Total  dissolved sol ids
Total  suspended sol ids
Tota l  se t t leab le  so l ids
Total  hardness (as CaCOa)
Acidi ty (as CaCO3) 

-

Bicarbonate (as HCO3)

Carbonate (as COr)
Calciun (as Ca)
Ch lor ide  (as  C l )
D isso lved i ron  (as  Fe)
Total  i ron (as Fe)
Magnesium (as Mg)

Manganese (as Mn)
Potassium (as K)
Sodium (as Na)
Sulfate (as SOo)
Oil and Grease
Cation - Anion balance
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Table 7-9. Extended surface wacer analysis l ist .

Field Measurements:

Flow
pH
Specific conduetance (urnhos/em)
Temperature ("C)
Dissolved oxygen (pprn)

Laboratory I'teasurements :

Total  dissolved sol ids
Tocal suspended sol ids
Tota l  se t t leab le  so l ids
Total  hardness (as CaCO3)
Ac id i ty  (as  CaCO3)
Alurninurn (as Al)
Arsenic (as As)
Barium (as Ba)
Bicarbonate (as HCO3)
Boron (as B)
Carbonate (as COr)

Cadnirrm (as Cd)
Calciurn (as Ca)
Ch lor ide  (as  C l )
Chromiurn (as Cr)
Copper (as Cu)
Fluoride (as F)
D isso lved i ron  (as  F)
Tota l  I ron  (as  Fe)
Lead (as Pb)
l"lagnesium (as Mg)
Manganese (as Mn)

Mercury (as Hg)
Molybdenun (as Mo)
Nicke l  (as  N i )
Nitrogen-Arnmonia (as NH3)
Nitr i te (as NOr)
Nitrate (as NO.)
Potassium (as K)
Phosphate (as POo)
Selenium (as Se)
Sodiun (as Na)

Sulfate (as SOo)
Sulf ide (as S)
Zinc (as Zn)
Oi l  and Grease
Cation -  Anion balance
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The slope-stabi l i ty analysis presented in Appendix 7-6 assumed that the

water level at  the locat ion of the piezometer (Sect ion B-B')  was at an elevat ion

of 7764 feex (20 feet below the surface of the embankrnent at the piezometer).

Under these conditi.ons, the dam was shown to be stable. If the water level in

the piezometer rises above this elevation, water will be iuunediately withdravm

from the pond. If available data indicate that the \racer in the pond meets the

effluent limitations contained in IJMC 817 .42 and any applicable NPDES permirs,

Ehis water wi l l  be punped direct ly to Crandal l  Creek. Any direct discharges wi l l

be monitored at the beginning and end of punping from the pond. The pump inlet

wi l l  be placed on a f loat ing r ing to avoid pul l ing excess sediment into the

discharge tube during punping. Water will be punped from below the water surface

to avoid introduction of oil to the discharge water.

If the pond requires rapid dewatering and the quality of the water is such

that it cannot be discharged directly to Crandall Creek, the water will be purnped

into sumps contained in the underground workings. These sumps are constructed

Iarge enough to provide for storage of the surface water. Once the water in Ehe

underground strmps is of sufficient quality to meet the effluent limitations of

UMC 8L7.42 and any appl icable NPDES permits,  the water wi l l  be discharged ro

Crandall Creek. Genwal is currently reviewing their existing NPDES permit to

determine i f  a new or revised permit  wi l l  be required to discharge water from

the sedimentation pond to the underground workings and thence to the creek.

During the post-operat ional per iod, surface-water data wi l l  be col lected

from the upper and lower stations shown in Figure 7-20 and the inflow to the

sedimentat ion pond as indicated on Plate 3-4. Flow data wi l l  be col lected

continuously from the flumes at the upper and lower Crandall Creek stations and

twice annually (during the high- and low-flow seasons) from the sedirnentation

pond inf low during the post-mining period. In addit ion, water-qual i ty samples

wi l l  be col lected from each stat ion during the high- and low-f low seasons

fol lowing mining. These samples wi l l  be analyzed for the parameters l isted in

Tab le  7 -8 .  Data  thus  co l lec ted  w i l l  be  submi t ted  to  DoGM on a  quar te r ly  bas is .
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The post-mining reports will contain not only the laboratory and field data

but also an assessment of current impacts frorn niniog on surface-water systems

and the amount of recovery of the system since nining. Surface-water rnonitoring

following rnining will continue until the termination of the bonding period.

7.3 Al luvlal  Val ley Floor Determinat ion

The permit area is located only in upland areas of the Crandall Creek

watershed containing a thinveneer of col luvial  deposits.  As a result ,  the area

is not underlain by an alluvial valley floor.

The area occupied by the surface facilities (adjacent to Crandall Creek)

is a steep, narrow canyon wich only limited amouncs of rocky alluvium. No

agricultural activities have been conducted in the area in the past nor will they

be in the future due to the lirnited width of alluvir::n along the stream (less than

l0 feet)  and to restr ict ive cl imat ic condit ions. Hence, the Crandal l  Creek area

adjacent to the surface faci l i t ies is also not an al luvial  val ley f loor.  This

conclusion is supported by the U.S. Soi l  Conservat ion Service (see Appendix 7-

L2) "
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